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structure is viewed along the b axis. This projection 
illustrates very clearly that the external shape of a 
crystal - in this case the prominence of { l OT} - is a 
function of the packing of the molecules in the crystal 
lattice. 

We are indebted to Professor R. W. Asmussen, Chem­
ical Laboratory B, Technical University of Denmark 
for his kind interest and support during the final stages 
of this research. 
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An empirical set of 'effective' ionic radii has been compiled by the use of techniques similar to those 
of Goldschmidt. The actual radius values were derived from: (1) 1000 experimental interatornic dis­
tances and (2) an approximately linear relationship between ionic volume and unit cell volume of over 
60 isotypic series of oxides and fluorides. These radii take into account electronic spin state and the 
coordination of both cations and anions and have been found to reproduce closely the experimental inter­
atomic distances in most oxides and fluorides. The choice of absolute values for anion radii and certain 
deviations from additivity are important and must be taken into consideration. 

Introduction 

The traditional sets of ionic radii of Goldschmidt, 
Barth, Lunde & Zachariasen (1926), Pauling (1927), 
Zachariasen (1931), and Ahrens (1952) have been used 
with considerable success by chemists, physicists, min­
eralogists, and crystallographers alike. Ionic radii have 
been important to the crystal chemist because structure 
types and cation coordination numbers are determined 
principally by cation/anion radius ratios. The ability 
to substitute one cation for another in a particular 
structure is largely dependent upon matching ionic 
radii; thus, good values of ionic radii have been impor­
tant to the chemist synthesizing inorganic compounds. 
The crystallographer has found radii helpful in com­
paring experimental interatomic distances with those 

* Contribution No. 1454. 

AC 25B -8* 

calculated for other structures.* These interatomic 
distances in turn can help the chemist to infer oxidation 
states. 

There are,however, several deficiencies in these tradi­
tional sets of radii: (I) they do not reproduce inter­
atomic distances to the accuracy now possible in modern 
structural analyses; (2) although several papers (Paul­
ing, 1927; Zachariasen, 1931) present techniques for 
calculating the effect of coordination number on inter­
atomic distances, no provision is made for determining 

* Goldschmidt's & Pauling's radii and correction factors 
for coordination number (CN) # YI were included in Volume 
II of Internationale Tabellen zur Bestimmung von Kristall­
strukturen (1935). Interatomic distances in numerous inorganic 
compounds were published in Volume III of International 
Tables for X-Ray Crystallography (I 962) and in Tables of 
lnteratomic Distances and Configuration in Molecules and Ions 
(1958, 1965). 
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values of the radii in other than octahedral coordina­
tion; (3) the effect of variations in electronic spin state 
on radii has not been included. 

This paper presents an extensive table of empirical 
radii that can be used to closely reproduce average 
observed cation,-anion distances in most oxide and 
fluoride crystal structures. These radii, which take into 
consideration both anion and cation coordination and 
electronic spin state, were derived from over 1000 aver­
age interatomic distances. Certain radii were made con­
sistent with regular plots of effective ionic radii (r) or 
volume (r3) vs.(1) unit cell volumes for over 60 isotypic 
series of compounds, (2) electron configuration, (3) 
coordination number (CN), and/or (4) valence. 

Background of ionic radii 

Crystal chemists have tried for many years to treat 
atoms and ions as hard spheres and to calculate atomic 
and ionic radii that would closely reproduce inter­
atomic distances. Approximate additivity of atomic and 
ionic radii was noted by the earliest investigators 
(Goldschmidt eta!., 1926; Pauling, 1927; Zachariasen, 
1931). However, since the additivity of a given set of 
radii was not found applicable to all bond types, sepa­
rate tables of radii were derived for ionic, covalent, and 
metallic bonding. The history of radii determinations 
for ionic compounds, treated in detail by Pauling (1927), 
Ahrens (1952), Slater (1964), and Tosi (1964), will be 
reviewed here only briefly to point out similarities and 
differences in the methods. 

The first attempt at such determinations was by 
Bragg (1920) who derived a set of atomic radii which 
reproduced interatomic distances in both ionic and 
metallic crystals to an average deviation of about 
0·06 A. Bragg & West (1927) later revised these radii 
so as to be more in accord with Wasastjerna's (1923) 
conclusion that r(O2-) = 1 ·32 A.* Bragg & West arrived 
at a value of r(O2-) = 1 · 35 A from close-packed oxygen 
structures. Goldschmidt eta/. (1926) derived a set of 
radii to be used only in ionic crystals. Goldschmidt's 
radii were obtained from average interatomic distances 
using Wasastjerna's radii of r(O2-) = 1 · 32 A and 
r(F-) = 1 · 33 A. Because structural data were scarce, 
Goldschmidt's table was necessarily limited. However 
he was able to extend the able to cover radii for which 
there were no experimental interatomic distances by 
interpolation or extrapolation of unit-cell dimensions of 
isotypic series e.g. In3+, YH, and TP+ from the C rare 
earth oxide structure type. If his radii are based on 
r(O2-):: 1 ·40 A, the value generally used by later in­
vestigators, they agree well with more recent sets of 
radii. Goldschmidt was the first to note that radii 
varied with coordination number and provided a few 
examples of this variation. 

* Throughout this paper a Roman numeral at the upper 
left of the element will be used to designate CN. Thus, XBaZ+ 
refers to the ten-coordinated barium ion. If no symbol for CN 
is present, six coordination is implied. 

Pauling (1927) calculated a set of radii based on an 
inverse variation with effective nuclear charge in iso­
electronic series of the alkali ions. The radii of the alkali 
ions were determined from interatomic distances in 
alkali halides assuming r(O2-) = 1 ·40 A and r(F-) = 
1 · 36 A. Pauling prepared two tables of radii: (1) a uni­
valent set from which radii of ions of any charge could 
be calculated and (2) a table of ionic octahedral crystal 
radii (ionic radii for multivalent ions). A correction 
factor was provided to allow calculation of interatomic 
distances in crystals where the CN of the cation differed 
from six. However, the coordination of the anion was 
neglected. Pauling (1928) noted that additivity in the 
alkali halides alone was poor and introduced extra 
terms in the expression for interatomic distance to cor­
rect for cation-cation and anion-anion repulsion. With 
these corrections, calculated and observed distances 
agreed to within about 0·001 A. 

Subsequently, Zachariasen (1931) derived a set of 
radii from the best available interatomic distances, as­
suming r(K+)=l·33A and r(Cl-)=1·81A. He cal­
culated univalent radii using Pauling's (1927) method 
and provided equations with which interatomic distan­
ces could be calculated if valence and CN of the cation 
were known. Zachariasen's radii differed considerably 
from Pauling's but not from Goldschmidt's corrected 
radii using r(O2-) = 1 ·40 A. Although Zachariasen's 
radii reproduced interatomic distances quite accurately, 
they seem to have been used less than some of the other 
sets of radii. Ahrens' or Pauling's radii were probably 
preferred because of the simplicity of extracting radii 
directly from a table rather than of calculation from 
univalent radii with corrections for valence and CN. 
However, even Zachariasen's table did not allow 
direct comparison of cation radii when the cation CN 
was different from 6, nor did it differentiate between 
high and low spin ions. 

The next extensive list of radii was prepared by 
Ahrens (1952) who revised Pauling's radii by the use 
of slightly different values for the alkali ions. His meth­
od utilized the regularities found by plotting radii vs. 
ionization potentials. The regular curves obtained by 
Ahrens were used to estimate the radii of ions for which 
no values previously existed. Ahrens' table was thus 
the most complete table for many years and conse­
quently was widely used. However, Ahrens considered 
only octahedral radii and made no provision for vari­
ation of radius with electronic spin state. 

More recently, two further sets of radii were intro­
duced. Slater (1964) extended the idea of Bragg (1920) 
and published a table of atomic radii in which r(V1O2-) 

=0·60 A, which reproduced interatomic distances in 
1200 metallic, covalent, and ionic solids to a deviation 
of ± 0· 12 A. These radii have not proved to be particu­
larly useful in oxide and fluoride crystal chemistry. 
Fumi & Tosi (1964) derived a set of ionic radii for the 
alkali halides based on (1) a correlation between Born 
repulsive parameters and the ratio rc/ra in alkali halides 
and (2) the minimum in the LiF and NaCl electron 
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density maps. Their most significant conclusion was 
that the ratio rc/ra is much larger than that found in all 
the other traditional sets of radii. Fumi & Tosi's cation 
and anion crystal radii are larger and smaller respec­
tively by ~0·2 A than the traditional radii. These radii 
will be considered in more detail in the discussion. 

The advent of accurate structure analysis by the use of 
Guinier d-value data, intensities collected with counter 
diffractometers, and least-squares refinements of crys­
tal structures has provided a wealth of new accurate 
cell dimensions and interatomic distances. These data 
have been used in our derivation of an empirical set 
of 'effective' ionic radii by an extension of Goldschmidt's 
(1926) method, with the further assumption that the 
radii of the anions also vary with CN. This derivation 
uses approximately 1000 interatomic distances in ox­
ides and fluorides, assumes r(V1Q 2-) = 1 ·40 A and 
r(Y1F-) = l ·33A, and takes into consideration both 
coordination number and electronic spin state of first­
row transition metal ions. Low-spin tetrahedrally co­
ordinated ions and high-spin second-row transition­
metal ions are not included because of their infrequent 
occurrence. The term 'effective' ionic radii is used to 
emphasize the fact that these radii are empirical and 
include effects of covalence in specific metal-oxygen or 
metal-fluorine bonds. We feel these radii more closely 
reproduce interatomic distances in solids than the 
previous sets of radii and will be more useful to those 
who wish to compare radii rather than interatomic dis­
tances. 

Methods of determining 'effective' ionic radii 

Assumptions 
It has already been shown that interatomic distances 
(and therefore 'effective' ionic radii) depend on CN 
(Goldschmidt, 1926), electronic spin state (van Santen 
& van Wieringen, 1952; Blasse, 1965), covalency (Paul­
ing, 1927), and the presence of strong anion-anion or 
cation-cation repulsive forces (Pauling, 1928). Changes 
due to CN variation are of the order of 0·0-0· 3 A; those 
due to change in magnetic spin state are ~ 0· 1 A. The 
changes due to covalency effects are unknown but are 
probably reasonably constant for combinations of 
cations with anions whose electronegativities are ap­
proximately the same. Repulsive forces cause changes 
in the order of 0·0-0· l A. 

In deriving the set of 'effective' ionic radii listed in 
Table l(a) the following assumptions were made: 

(1) The principle of additivity of both cation and 
anion radii to accurately reproduce interatomic dis­
tances is valid if one takes into consideration CN, elec­
tronic spin, covalency, and repulsive forces. (Repulsive 
forces are discussed further in another section.) 

(2) The effect of covalency in shortening M-X bonds 
is comparable in all M-F or M-0 bonds (Phillips & 
Williams, 1965). 

(3) With the exceptions noted in assumption I, radii 
are independent of structure type. 

( 4) The radii of both cation and anion vary with co­
ordination number. (The variation in anion radii with 
CN is discussed in detail in another section.) 

(5) Although individual cation-anion distances 
vary in a polyhedron, the average cation-anion 
distance over all similar polyhedra in one structure 
is constant. 

(6) With a constant anion, the volume of the unii 
cells of isostructural series is proportional to the volume 
of the cations. 

Assumption 5 is not basically different from 6 in that 
it says an ion can be deformed in any fashion but the 
total volume of the polyhedron will not change.* The 
test of assumptions 1-6 is the consistency of radii de­
rived from different structures. 

The principle of obtaining radii from relative unit 
volumes for a particular structure type was originated 
by Grimm & Wolff (1926) and Goldschmidt eta/. 
(1926). Goldschmidt estimated the radii of numerous 
rare earth ions by comparing cell volumes of rare earth 
oxides with those of Sc2O3 and Y2O3 for which inter­
atomic distances were known. A similar procedure was 
used by others to obtain sets of radii applicable to cer­
tain structures: Templeton & Dauben (1954) - rare 
earth fluorides, chlorides, oxychlorides, and oxides; 
Geller (1957) - oxide perovskites; Geller &Mitchell 
(1959) - garnets; Roth & Schneider (1960) - rare earth 
oxides; Sasvari (1960) - rocksalt, rutile, fluorite, and, 
anti fluorite compounds; Knox (1961) - fluoride perov­
skites; and Espinosa ( 1962) - garnets. 

Procedure 
As a first approximation, anion radii (02- and F-) 

with CN =Ill, IV, and VI were determined by sub­
tracting Ahrens' sixfold radii from interatomic dis­
tances in simple oxide structures: III - rutile; IV -
corundum and C rare earth; VI - rocksalt. In a second 
step, cation radii for various CN's were determined. 
These radii were in turn used to obtain anion radii with 
CN = II, III, IV, and VIII. The results are listed in 
Table 2. The values in parentheses represent anion 
radii obtained at a later stage by repeating this proce­
dure with appropriate refined cation radii, e.g. in 
quartz r(11O2-) = Rav(Si-O)-r(1VSi4+) = 1 ·607 - 0·26 = 
1 ·347 A. The consistency of these values can be taken as 
a measure of their validity. 

* The approximate linearity of radii-volume plots has been 
shown by Bertaut & Forrat (1957) for A3Bs012 garnets, by 
Whinfrey, Eckart & Tauber (1960), and Brisse & Knop (1968) 
for A 2B207 pyrochlores, by Gattow (I 963, 1964) for A2BX4 
compounds, by Pannetier & Courtine (1966) for A B04, by 
Giglio (1963) for ABX6, by Sasvari (1960) for AX2 and by 
Roth & Schneider (1960) for A203. Sasvari also corrected cer­
tain radii of Ahrens to comply with this regularity and derived 
a set of eight-coordinated radii from the fluorite structures. 
Although Giglio, Gattow, and Pannetier & Courtine plotted r vs. 
V, we feel that it is more correct to plot r3 vs. V or r vs. A 
(cubic). The excellent linearity in simple oxide structures 
(rocksalt, rutile, corundum and C rare-earth) supports this 
view. 
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Table l(a). Effective ionic radii 

ION EC: C:N . SP A-IR c;R 1 IR 1 lON EC CN SP A-IR CR 1 IR' 

AC:+3 6P 6 VI 1.18 CS+l SP 6 XU 2.02 1,88 
AG+l 4010 II ,81 ,67 C:U+l 3010 II ,60 ,46 

IVSQ 1,16 1,02 VI ,96 
V 1,26 1,12 C:U+2 30 9 IVSQ .76 .62 
VI 1,26 1.29 1.1s V ,79 ,65 vu 1,38 1.24 VI .72) ,87 ,73 
VIII 1,44 1.30 0Y+3 4F 9 VI .92 1,048 ,908 R 

AG+2 '+0 9 VI ,89 VIII 1,17 1,03 R 
AG+3 40 8 IVSQ ,79 ,65 ER+3 4F11 VI .89 1.021 ,881 R 
AL.+3 2P 6 IV ,53 .39 • VIII 1,14 1,00 R 

V ,62 ,48 EU+2 4F 7 VI 1,31 1.17 
VI .s1 ,670 ,530 R• VIII 1,39 1,25 

AM+3 SF 6 Vl 1.01 1.1s 1,01 R EU+3 4F 6 VI .98 1,090 ,950 R 
AM+4 SF 5 VI .92 VUI 1.21 1,07 R 

VIII 1,09 ,95 F •1 2P 6 Il 1.145 1,285 
AS+3 4S 2 Vl ,58) Ill 1.16 1.30 
AS+5 3010 IV ,475 .335 R* IV 1,17 1.31 

VI .46 ,64 .so VI 1,33 1.19 1.33 
AT+7 5010 VI ,62 F +7 15 2 VI ,08 
AU+l 5010 VI 1,37 FE+2 30 6 IV HS ,77 .63 
AU+3 50 8 IVSQ ,84 .10 VI L.S .75 ,61 E 

VI ,85) HS ,74 ,910 .77~ R• 
B +3 15 2 Ill ,16 ,02 FE+3 30 5 IV HS ,63 ,49 ·• IV ,26 ,12 • Vl I.S ,69 ,55 R 

VI ,23 HS ,61f. ,785 ,645 R• 
8A+2 SP 6 Vl 1,34 1,50 1,36 FR+l 6P 6 VI 1,80 

vu 1,53 1,39 GA+3 3010 IV ,61 ,47 • VIII 1,56 1,42 V ,69 ,55 
IX 1,61 1,47 VI ,62 ,760 ,620 R• 
X 1,66 1,52 ? G0+3 4F 7 VI ,97 1,078 ,938 R 
Xll 1,74 1.60 VIII 1.20 1.06 R 

BE+2 15 2 III .31 .17 GE+2 45 2 VI .n» 
IV .41 ,27 • GE+4 3010 IV ,54 ,40 • VI ,35 VI ,53 .680 .540 R• 

81+3 6S 2 V 1,13 ,99 H +1 15 0 I -,24 •,38 
VI ,96) 1,16 1,02 II -,04 -,18 
VllI 1,25 1,11 R HF+4 4F14 VI ,78 .85 .71 R 

81+5 5010 VI ,74 VIII ,97 ~83 
8K+3 SF 8 VI 1,10 ,96 R HG+l 65 1 Ill 1.11 ,97 
8K+4 SF 7 VIII 1,07 .93 R HG+2 5010 II ,83 ,69 
BR-1 4P 6 VI 1,96 IV 1,10 ,96 
BR+7 3010 VI ,39 Vl 1,10 1,16 1,02 
C +4 15 2 UI ,06 -,08 VIII 1,28 1,14 R 

IV ,15P H0+3 4F10 VI ,91 1.034 .894 R 
VI .16 VIII 1,16 1,02 R 

CA+2 3P 6 Vl ,99 1,14 1,00 I •1 5P 6 VI 2,20 vu 1,21 1,07 I +5 5S 2 VI ,62 1.09 .95 ? 
VIII 1,26 1,12 • I +7 4010 VI ,50 
IX 1,32 1,18 IN+3 4010 VI ,81 ,930 .790 R• X 1,42 1,28 VIII 1,063 ,923 R 
XU 1,49 1,35 IR+3 50 6 VI ,87 ,73 ? 

C0+2 4010 IV ,98 ,84 IR+4 50 5 VI ,68 ,77 ,63 R V 1.01 ,87 K +1 3P 6 VI 1,33 1,52 1,38 
VI ,97 1,09 ,95 vu 1,60 1,46 ? vu 1,14 1,00 VIII 1,65 1,51 ? 
VIII 1,21 1,07 IX 1,69 1,55 ? XII 1,45 1,31 X 1.73 1.59 ? 

CE+3 6S 1 VI 1,07 1.174 1.034 R XU 1.74 1.60 ? 
VllI 1,28 1.14 R L.A+3 4010 VI 1,14 1,201 1 0 061 R 
XII 1,43 1,29 vu 1,24 1.10 

CE+4 SP 6 VI ,9 ,94 ,80 ? VIII 1.32 1,18 R 
VIll 1,11 ,97 R IX 1,34 1.20 ? 

CF+3 60 1 VI 1,09 ,95 R X 1.42 1.28 
CL.-1 3P 6 VI 1,81 XII 1,46 1,32 ? 
CL.+5 3S 2 III ,26 ,12 1.1+1 1s 2 IV ,73 ,59 
CL.+7 2P 6 IV ,34 .20 VI ,68 ,88 ,74 

VI ,27 L.U+3 4F14 VI ,85 ,988 ,848 R 
CM+3 SF 7 VI 1,12 ,98 R VIII 1.11 ,97 R CM+'+ SF 6 VIII 1,09 ,95 R MG+2 2P 6 IV ,63 ,49 
C0+2 30 7 VI 1.5 ,79 ,65 R VI ,66 .860 ,720 R* HS ,72 ,875 ,735 R• VIII 1,03 ,89 
C0+3 30 6 VI 1.5 ,665 ,525 R MN+2 30 5 VI LS ,81 ,67 E 

HS ,63 ,75 ,61 HS ,80 ,960 ,820 R• C:R+2 30 4 VI LS ,87 , 73 E VIII 1,07 ,93 R 
HS ,96 ,82 R MN+3 30 4 V ,72 ,58 

CR+3 30 3 VI ,63 ,755 ,615 R• VI LS ,72 ,58 R CR+4 30 2 IV ,58 ,44 HS ,66) ,79 ,65 R 
VI ,69 ,55 R MN+4 30 3 Vl ,60) ,680 ,540 R 

CR+5 30 1 IV ,490 ,350 R MN+6 30 1 IV ,41 ,27 
VIII ,71 ,57 MN+7 3P 6 IV ,40 ,26 

CR+6 3P 6 IV ,44 ,30 Vl ,46 
VI ,52 M0+3 40 3 VI ,81 ,67 

CS+l SP 6 VI 1,67 1,84 1,70 M0+4 4D 2 VI ,70 ,790 ,650 R 
IX 1,92 1,78 M0+5 40 1 VI ,77 ,63 E 
X 1,95 1,81 M0+6 4P 6 IV ,56 ,42 • 
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Table I(a) (cont.) 

ION EC CN SP A-IR CR 'lR' ION EC CN SP A-IR CR 'IR' 
M0+6 '+P 6 V .64 .so S ♦6 2P 6 VI .30 

VI .62 ,7'+ ,60 • SB+3 SS 2 IVPY ,91 .77 vu .as ,71 V ,9'+ ,80 
N +3 2S 2 VI ,16) VI .76) 
N +5 1S 2 III ,02 -,12 S8+5 4010 VI ,62 ,75 ,61 

VI ,13 SC+3 3P 6 VI ,81 ,870 ,730 R* 
NA+1 2P 6 IV 1,13 ,99 ? VUI 1,01 ,87 R 

V 1,1'+ 1,00 ? SE•2 '+P 6 VI 1.98P 
VI ,97 1,16 1,02 SE+'+ '+S 2 VI ( ,SOI 
vu 1,27 1,13 ? SE+6 3010 IV ,'+3 ,29 
VIII 1,30 1,16 ? VI ,'+2 
IX 1,'+6 1,32 ? SI+'+ 2P 6 IV ,'+O ,26 * 

NB+2 '+0 3 VI ,85 ,71 ? VI ,'+2 ,5'+0 ,'+00 R* 
NB+3 '+0 2 VI .sit ,70 E SM+3 '+F 5 VI 1,00 1,10'+ ,96'+ R 
NB+'+ '+0 1 VI • 7'+) ,83 ,69 R VIII 1,23 1,09 R 
NB+5 4P 6 IV ,46 ,32 ? SN+2 ss 2 VI .93 

VI ,69 .78 ,6'+ VIII 1,36 1,22 R 
VII ,80 ,66 SN+'+ '+010 VI ,71 ,830 ,690 R• 

N0+3 '+F 3 VI 1,04 1,135 ,995 R SR+2 4P 6 VI 1,12 1,30 1,16 
VIII 1,26 1,12 R VII 1,35 1,21 
IX 1,23 1.09 ? VIII 1,39 1,25 

NI+2 30 8 VI ,69 ,840 ,700 R• X 1,46 1,32 
NI+3 30 7 VI LS ,70 ,56 R Xll 1,58 1,4'+ 

HS • 71+ ,60 E TA+3 50 2 VI ,81 ,67 
NP+2 SF !5 VI 1,2'+ 1,10 TA+4 50 1 VI ,80 ,66 R 
NP+3 SF'+ VI 1,10 1,18 1,04 R TA+5 SP 6 VI ,68 ,78 ,6'+ 
NP+'+ SF 3 VI ,95 VIII ,83 ,69 

VIII 1,12 ,98 R TB+3 '+F 8 VI ,93 1,063 ,923 R 
NP+7 6P 6 VI ,71 VIII 1,18 1,04 R 
0 .2 2P 6 II 1,21 1,35 TB+'+ 4F 7 VI ,81 ,90 ,76 R 

III 1,22 1,36 VIII 1,02 ,88 
IV 1,24 1,38 TC+'+ 4L) 3 VI ,78 ,64 R 
VI 1,'+0 1,26 1,40 TC+7 4P 6 VI ,56 
VIII 1,28 1,112 TE•2 SP 6 VI 2,21P 

05+4 50 4 VI ,69 ,770 ,630 R TE+4 ss 2 III ,66 ,52 
p +3 3S 2 VI < ,'+41 IV 
p +-5 2P 6 IV ,31 ,17 * VI ( ,70) 

VI .:,s TE+6 4010 VI ,56 
PA+3 SF 2 VI 1,13 TH+'+ 6P 6 VI 1,02 1,14 1.00 
PA+4 60 1 VI ,98 VIII 1,20 1,06 

VIII 1,15 1.01 IX 1,23 1,09 
PA+5 6P 6 VI ,89 T1+2 30 2 VI 1,00 ,86 E 

IX 1,09 ,95 T1+3 30 1 VI ( ,76) ,81 ,67 R 
PB+2 6S 2 IVPY 1,08 ,94 TI+'+ 3P 6 V ,67 ,53 

VI 1,20 1,32 1,18 VI ,68 , 74S .605 R* 
VIII 1,45 1.29 TL+l 6S 2 VI 1,'+7 1,6'+ 1,50 R 
IX 1,'+7 1,33 VIII 1,7'+ 1,60 R 
XI 1,53 1,39 XII 1,90 1, 76 R 
XII 1,63 1,49 TL+3 5010 VI ,95 1,020 ,880 R 

PB+4 5010 Vl ,84 ,915 ,775 R VlII 1,111 1,00 R 
VIII 1,08 ,94 R TM+3 4F12 VI ,87 1,009 ,869 R 

PO+l '+0 9 u ,73 ,S9 VIll 1,13 ,99 R 
P0+2 '+0 8 i~SQ 78 , 64 U +3 SF 3 VI 1,20 1,06 R 

( ,80) 1:00 ,86 u +'+ SF 2 VI ,97 
P0+3 40 7 VI ,90 ,76 ? vu 1,12 ,98 
P0+4 40 6 VI ,65 ,76 ,62 R VIII 1,14 1,00 R* 
PM+3 IIF 4 VI 1,06 1,119 ,979 R IX 1,19 1,05 
P0+4 6S 2 VIII 1,24 1,10 R u +5 SF 1 VI ,90 ,76 
P0+6 5010 VI ,67 vu 1,10 ,96 
PR+3 4F 2 VI 1,06 1,1S3 1,013 R u +6 6P 6 II ,59 ,'+S 

VIII 1,28 1,14 R IV ,62 ,48 
PR+4 4F 1 VI ,92 ,92 ,78 ? VI ,80 ,89 ,75 

VIII 1,13 ,99 vu 1,02 ,88 
PT+2 SD 8 VI ,80) V +2 3D 3 VI ,88) ,93 ,79 
PT+4 50 6 VI ( ,651 ,77 ,63 R V +3 30 2 VI ,74) ,780 ,640 R 
PU+3 SF !5 VI 1,08 1,1'+ 1,00 R V +4 30 1 VI ,63) ,73 ,59 R 
PU+4 SF '+ VI .93 ,9'+ ,80 ? V +!5 3P 6 IV ,495 ,355 R 

VIII 1,10 ,96 V ,60 ,46 • 
RA+2 6P 6 VI 1,1+3 VI ,59 ,68 ,54 
RB+l 4P 6 VI (1,'+7) 1,63 1,49 w +'+ SD 2 Vl ,70 ,790 ,650 R vu 1,70 1,56 ? w +6 SP 6 IV ,55 .41 * VIII 1,74 1,60 VI ,62 ,72 ,58 

XII 1,87 1. 73 y +3 4P 6 VI ,92 1,032 ,892 R• 
RE+ .. 50 3 VI ( ,721 ,77 .63 R VIII 1,155 1,015 R• 
RE+5 SD 2 VI ,66 ,52 ? IX 1,2'+ 1,10 
RE+6 50 1 VI ,66 ,!52 YB+3 '+F13 VI ,86 ,998 ,859 R 
RE+7 SP 6 IV .s .. .40 VIII 1,12 ,98 R 

VI ,56 ,71 .,1 ZN+2 3010 IV ,7'+ ,60 * 
RH+3 .. D 6 VI ,68 ,805 ,665 R V ,82 ,68 
RH+'+ 40 5 VI ,755 ,615 R VI ,7'+ ,885 ,7'+5 R• 
RU+3 40 5 VI ,82 .68 ZR+'+ i+P 6 VI ,79 ,86 ,72 R 
RU+ .. 40 4 VI ,67 ,760 ,620 R VII ,92 ,78 
S •2 3P 6 VI 1,8 .. P VIII ,98 ,8'+ 
S +'+ 3S 2 VI ( ,37) 
S +6 2P 6 IV ,26 ,12 • 

EC - electron configuration, CN - coordination number, SP - electronic spin, A-IR - Ahrens ionic radii (CN = VI) (Ahrens, 
1952), CR - crystal radii based on ,cvip-) = 1 · 19 A, 'IR' - effective ionic radii based on r(V1Q2-) = 1 ·40 A. 
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Table l(b). References for Table 1(a)* 

IC•3 Yl 

.,.1 It 
PA[WJTT,C,T, •ND R,D,SHANNl'IN, TO ~F' PUBL15HE'O, AR ~F o, 
WYCllOF'F',R,'11,G., CRYST.t.L STRUCTURES 1,(1'963) AB, n 

lo•1 Jvso 
SYSTROM,A, ANll L1£VEPS, ACTA CH'f:W,1-CaNO. 11,6t311Q"'f'tl ,\t;;,, Pa 02 
OON0HU£,J. ANO L,H1!L .. HOL7., J,11ri1,cy1:-,,c.sor.. 66•2915119~41 I( ~G t: 0'."I 
SCATTUP?N,V. •No P.L.BELLON, J, ru:·c,-RoCME:M.'50C, tnA,l't,flq611 ar:. f\ 

Ac,•1 V 
JOST,K,H,, ACT.l CRTST, n,·no(t'J6\1 ca G P n3lX 

lG•1 VJ 
AOOP:,H., Z,ANOPG,ALLGEW,CHFM, ~67,62clq15Jl AG ~Fl F'6 
JCU:RKE6~ARO,p, ANO S 1 HOL""E'.N1 ARK?V K'°"t ::i3,t131146t:I At"; lrill'J P 06 
wVCK(IF'F',A,W,G,, CRYSTAL STRUcTURF5 1, (JC163) AG r 
ZACHAAlASEN,w,H., Z,KAIST. 8;,,1161119:,2) AG, S ,u~ 

IG•l VU 
ICUAl(EGAARD,p, ANO S, HOLKN, ARKfV KEJlolt ~3,"13 t M651 l it "41'1 P 0 6 

IG•l VJlt 
KROSH-t.tc,E,J., ACh CPY'ST.1"•7711q6"i) U::! ll~ 013 
WELLS•A•F'• • Z•KRlSTo 95,'14'11a36) Ar. CO CN H3)2 (f,,I 021'4 

18•2 VJ 

AG•3 JVSCI 
SCUTU,:lJN,V. lNO P.L.BELLON, J.ELll:'CTROCHS::N.SOC. U,l\1111tapQ61) lG♦\ AG+::, 02 

AL•! IV 
!11:0lli'N,PI.E. AND s.w.B.tlLEY, ACT.l CRYST, 1"•15Q1(1Q6'4) K •L t::13 OB 
BURNHAM,c.v., Z.KRIST. 1Uhl2'7'(1q6!1) AL2 ~l f.15 
!ULER•F'• ANO J,A.8RUCE, ACTA C~YST, 19,qTIOQ651 M' AL'= OL:s 
Ji!ACHATScHKJ,"., Z 0 KR?ST. 94'•222(1q36l I L l.c; Qll, 
MOONEY,RoC•L•• ACTA cRYST. 9 1 728(tCIS,-) AL P Qll, 

SCHWAA:Z£H9ACH•t'l., ZolCRlST, t,3,L6L<la66) ALP n~ 
SMITH,J.V. AND s.w.B.ULEY, ACTJ CRYSTo lfl•e01119631 AL-I) 
W1LL1AMs,P,P. ANO .H.D.MEGh1 ACTA CRyST • t1•Rl\2 I 1Qf'>~1 ~LF'?TES 
UEBAU,F,t ACTA CAYST. 1'4,39a(t96t) Lt AL c;Jc~ n1n 
~I.REZIO,M., 1.CTA CRYST. l9,396Clq611\J Ll AL 0,2 

AL+:S V 
B£RTAUT,F. AND J.JitARFSCHAt, CO.,.PT,t:1[~10, 25'7,~6T(t063) VAL Ol 
BURMHAM,C,w. ANO M.J,BUERG£R, z.K~TST, Jl~•269 [ 1%t) AL ~ c;, 05 

lL•3 Vt 
BURNHAM,c.w., Z,KAIST. 118,3~71196~} AL2 !'it 05 
CROM[A,D.T, rT A,L,, ,lCTA CRYc;T. 22,l,!!Zf1"6T) NA AL IS 1'111,)2.12 H2 o 
CROMER,D.T• tT lL,, ,lCTA CRYc;T. 2.t,JI.-Jl(lq66) c~ AL (S n&l)2,12 H2 O 
EULER,F 0 AND J,l.E'-AUCE, ACTA CRY5T, 1q,,;TU1965) M, lLa; 01.:t 
FlRJl:ELL,£,F'. ET AL,• AM, M1NF'RALM15T &li,,B04't196'.') A( AL,- nCl-
GteBS,G,V, AND J,V,SM1TH, AM. MINe.".P.ltOGJST so,20,31t~6'i) M~3 AL2 'iTJI 01, 
JACK,K1H, ANO V.GUTMANfh ACTA CRYST • 1',21t!.0951) AL F3 
M.IA[210,M • .IND J,P,RfMFll<A, J,C-HE111.P1o4YS 0 '-••:,t-.311Q6f,I LT I\L 02 
N.IRAY-SZABO,sT,v. AND l(,5ASVA~I, 7,K11IST1 99,27(10'.'R) '-1.\3 AL F6 
NEWNHAt,,1,R,E, l~O Y1M,DEHUN, Z.KPTST. 1tTo235(19t.21 AL' C'IJI 
PEOERSf.'N18,F 1 1 lCT.l CHEM,SCA1t.1D, 16,1';i1(t962> AL N8 01' 
PIUNOL,w,, Z,KRtST, 123,8111966) IL2 Cl3 ('.l;t o•n3 
SAOANAGA,Ro ET Ail,, ACTA CRY5T, 1"5,6"5(1462) AL~ ~t 015 

.IM♦ :S Vt 
SHANNON,R.0, I.NC C.T,PREWITT, TO AE PUPILtC.M[r,. R3 VS V Cl-' '°3l 

Ot♦ lill Vt 

•~•1111 Vitt 
wYCICo,r ,R. W,G,, CRYSTAL STPtJcTVRfS 1, ( 1963) AM 02 

IS+3 Vt 

AS•5 IV 
~tNN[YtJ,J,, lM, MINF'RALOGlST &l8,t(la631 PR FEt U,C. o,,i.1, In HJ2 
r:'tNN~'r,JoJ•• lCTA CRYST. 21•4'37(1G66J CU2 (lS Olf) 10 HI.·:, 1-12 o 
MJLM~lt•W•• ACTA CAYSTo 9,ft71t9561 rLI IS 03):C 
JOST,K,H, ET lL;, ACTA CRY'5T. 21,-.:oarl966) AS2 o~.5/3 1-12 0 
LlE8AU,F',t ACTA CFIYST. 9,!U1C19S61 INI lS O'."IIX 
LUKlSZEWlCZ,ko, 8ULL,lCAD,POLf)N,5CT,CiEA,SCT,CHtM, 11,~61tt96'."-) MG2 AS2 07 
MlCHlTSCHKI,F'•, Z,KRtST, 91f•221U9361 ll lt.; 04 
MOONET,R.C•L 1, ACTA CAYST, 1,1631194'•1 Ill lli 01& 
MORI,H. AND t.no, lCh CRYST. 3•Ulq!SO) F?! AS 011,1' H" t'I 
PLtETH,K. ANO G,S.lNGEA, Z,ICRJST 1 J21l,ql(IC,6?1 1.'11~ C:Ll Ai::2 011 
POU\.SEN,S,J. ANO c:.ClLVO, CA-N,J.CHEM, ~6•Cll1C196") CU3 -~2 Oft. 
SCHULZE,G.E,R,, Z,PHYStK CHEM. 24'f\,215(1C, .,,.I BA~ Olf 
SHlNNON,A.D, AND c.T.PREWITT, TO RE' pU8LTSHE'l'I. ,n v-. V (lfDCO"II 

IS•'5 YI 
teEAS,J,A, • ACTA CRYST • 9,t;6Tf19'561 K IS c-6 
JOST,IC.H. ET AL.,, ACTA CATST, 21,Ml!lc1'9661 lS2 os.~/! M:ll 0 

AT♦7 Yr 

AUH vr 
•u•:, tvso 

EINSTEtN,F"•W,8. ET AL,, J,CHl,..SOC, Jl96T,~Ta Au F'l 

AU+.! Vt 

IJ •3 Ut 
l'LOCIC:,S. AND A1PERLOr:F, ACTA C:?TST, 1t1,2i:tTrl9651 Pit, ~, "1'7 
tl1lA .. ,lil. lND J,kROGH .. MOE• ACTA CRY-_T. 20• 132ft9611.) CO tl(I o-, 
KROGH-MOE•J., ACTA CPYST, 13,8p9(1'16r,I C'S2 86 n1n 
1(111:0GH-,.QE,J., ACTA CRYST. 1s,1qol196:'!1 LI2 11, O? 
klll:OGH-,,aQ[tJ,, ACTA CRYST. 18 1 '7'7(19651 l82 ,, .. 01~ 
,cr:tOGM-~t'IE',J., .1CT1 CRYST. Je.,11'1881191',5) IC f:1'5 oe 
\tAREzto,M. ET AL., ACTI CRYST. 16,'.'9nll•6:SI CA R2 01& 
MAAEzto,M. ET AL,, ACTA CRYST. 16,IJTir;(1CJ631 K2 fl1' ~T,4 M::? O 
UCHARU,SEN,.,.H. ET lL., lCTA C:RYST, 16,Jt44CU6,1 RE2 R f):,1 Co HI 

8 +3 tv 
eLOCIC•S. AND Ai,PERLOrF, ACTA CRYST, 19,297(U6'51 Rl 94 n7 
C:LIRtC•J,R,, 114, MtNERALOGtST .. 9,1~ .. 91196G1 SR "t- oq (0 H12 0 3 H?. ('I 

1-10ARO•J.L, AND YoRLAt'I:, J,i1M.C1-1EM 0 ~0c. 5'1'11911!i(1G~!I!) R" ~ rll 
lHAlll:A1M 0 ANO J,)(RQGH-MOE, ACTA CRYST • 21'1• 132(1()6',1 CO llllf 0" 
K~OGlot-MOE,J, • ACTA CHEN,SCINr,. 18,~05511%,.1 SR M r.17 
KROGM"-MO[,J,, ACTA CRYST. 13,fU!CJ(l'Mr,I cs~ R6 OHi 
KROGH.-lifOE,.J., ACTA CPY~T. 15,1CJ0(1C162I LI2 A1' O"P 
KAOGH•IIIIOE•.J., ACTA CRYST. 18,T1(19651 &82: fUI 0111 
KA06H•Jl!o!'.,J,, ACTA CRYST, 18,1088(19111'51 9C A5 Olli 
MAR£ZIO,Mt ET AL• • At. Tl CRYST, 16,97~(1~31 K2 flll O'T,4 .. 2 I'\ 
MAR£Zl0,M, AND J,P 0 R[MIEIK-'• J,CHE°llll,P'MYS. U•~~Sll%61 LT A 02 
PlNT,Ai.K, ANO o.w.J.CRUICk'5HlNK, 1,KDIST, 12~•28MtCJ6T) Cl 8 SJ ~4' · 0 H 
PERLO"J:',A.1 AND S,BLOCK, ACTA CRYST, ;il!l,2T1tt1966) ~R 84 l'l7 
PREWITT,C, T, AND R,D,SHANNOH, I.CU CRTST. Ah•N,Ql1~681 Ac' o:, 
PEME11tA,J 1 P 0 ANO M.MAREZIO• J,PHYS,CME"',C.OLIDS ~6,20"31la65J LT !' nt 
ZA.CHARIASEN,w.H., ACTA CAYST. 16,3/IIOcU6:!) MB ('12 
?ACHARIASEN,w,H., ACTA CRYST. 1613/115(Uf,:!> H e. n1 

8 +3 Vt 

8,V2 Vt 
~un,N.v. lNO S.RAP41SESHAN, l',KRIST. 11 ... 2ooc196n) ~A fCL l'\4)2,3 Hi" O 
..-IGHELL,A,D. ET AL,t ACTA CRVST .. 20,R1CJl1966) SIA 82 Olf 
SCHNEAING•H,G• ET AL,, Z.ANORG ALLGE11o1,CH£~, 305,241(1960) nA 2'N 02" 
wYCKo~~,R.W,l!I,, CRYSTAL STRUr.:TURES 1, C 1Q6~1 BA n 
ZAC~ARIASEN,w.H., Z,KR1ST. '7ca,U9ft9:,0l e• TI c;y3 ['!Q 

BAU VII 
HILMER,w,, lCTl CRYST, 1-;,1101(1CJ621 A" G£ o:, 
SCHNERING1He1S11 Z,ANORGoALLGE'lrll,CHEM, :!t4•lfi11(1q62J 8A Cr, 0" 
wYCKQF~,R.W,G,, CRYSTAL STPUcTURES 3,119651 ea~ "ll Olf 

8A•2 VUI 
BL.ANO•J.A., ACTA CRYST, 1-.;&75110611 AA.2 Tt 04 
HlLMERtlll•• ACTA CRYST, 15,1101(19621 81 Gr. 03 
LAND!RtJ.J,, ACT.I CAYST, 41148119511 BAN? 02 
NANOHlA,H, ANO J,RANASESHAN, ZeKRtST. 119•357(196111 BA CO H12.J!. H2 0 
NAROELLI,Mo A"'D G,FAYA• ACTA CRYST, l5t4T7ft962") 8A 52 03oW2 O 
RA.0,R,V,G,S. ET AL,, Z,KRJST. uo ·,2n1t9'5B) cu Bl2' (C n O H)6,II- H2 O 
WYCKOr:'F',R,'11,6., CRYSTAL STRUCTURE'S J, ll963l Bl ~2 

81+2 IX 
BLOC:1<,S, ANO A.PERLOFF, ACTA CRYST. t9,2q?(1CJ65) Bl !It O? 
COLBY,M,1', IND t.J,B,LACOSTE, Z,KRTST 90,1f1935l ~AC 0:5 
FOSS,Oo AND O,TJ.OMSLAND• ACTA CHEN,SCAND, Ul,288(1956> 81 i; (S2 0312,2 H2 0 
P-OSS,O, AND O,TJOMSLANO, ACTA CHEM,SC:AND, 12,52(1qS&l Rl TF CS2 0312.2 H2 0 
M1GHELL,Ai.O. ET lliL., ACTA CRYST, 201819(1966> !Ill Ac! 04 

IBA+2 X 
BLOCK,S, lNO A.PERLOFF, ACTA CRYST, 1CJ,29'1U96?51 Elll 811 07 
BURLEY,G,, J.AES.NATL,BUR,STO. 60,23(l95t\l 113A H P Oil 
NE-NH,\,._,A.E. ANO H,D.ME&AW, ACTA CAYST. 13,303CU601 81 I.L:t ST2 08 
R08BtNS,C, ET AL,, J,RES,NATL,BUR,STO,, ?OA,385<1966) BA 6E'G 09 
TENPLEToN,O.H, AND c.H.OAUBEN• J.CHEM1PHYS. 32,1515(tQ6QJ RA TU- OQ 
ZACHARIASEN,W,H,, ACTA CRYST, 1,263119"81 AA3 (P OlfJ2 

BA♦2 XII 
EVAN'S, H1T,1JR,, ACtl C:RYST. a.,377119511 BA Tl 03 
HOARO,J,L. ANO W, VJNCENT, J 1AM.CtiEJi11 0 SOC, 62,3126(191111) BA SJ F6,8" GE F"6 
SAHL,K,, 8ErT1'.MINERAL,PETROG, 9•111119631 JU So-. 
SCKN£AlNG,H1Gtt Z, ANORG,ALLGEM,CHEM, 353tl3(1CJ67) 8A2 N Ft, 
SHIRANE,G1 ET AL,t PHYS.REV. 105,e56r19S7l BA Tr o, 
ZACHARIASEN•V,H,, ACTA CRYST. 1,263CJ~8l 8A3 IP 0-.12 

IBE•2 tH 
HAARtS ► L,A, ANO H,L,'t'AKEL, ACTA CRYST , 22,35&l(196?) Y2 !IE o• 

BE+.2 IV 
BEEVERS,C,A, ANO H.LIPSON, Z,KR1ST, a2,297(1Ql32) BE S l".'lf.i. H2 0 
BURNS,J.H, AND E,K.GORDON, ACTA CRYST, 20tt3!itl966) LI::!- 81:: ,=-11, 
FAA:RELL,t.r:. ET AL,, l/11!, MlNERALO&TST 11,9,80G(l963) qE AL2 o-. 
GOLOVlSTlKOV,N,I., SOVIET PHTS,-CRYST , 6,?!3(1962) Nl AE' P o-. 
HARRtS,L,At AND H,L.YAKEL, ACTA CRTST,20,295(19661 CA12 8E1T 029 
MROSE,M,E. ANO c.E,i\PPLEMAN, Z.KRJST, 117,16U96n AL RE Sl 04' OH 
SEARS10 0 R, ANO .J,H,BURNS, J 0 CHEMePHTSo "lt3(t71!1C19611) Ll6 BF FG ZR F8 
SMtTHtD 0 K, ET lLot J.ELECTROCHEM.SOC, Ul,1,8C196&ll RE n 
ZACHARI.ISEN1W1M, ET AL., ACTA CRYST. l6,ll~lft1963) f\E2 B 0:5 to HJ 

8£+2 VI 

81+3 V 
18RAHAMs,s.c. ET AL,• J.CHEM,PHTS, "'••03GC1967) Bl12 AP:: O;>O 
AURJVILLtUS,e • .ICTl CHEM,SCAND, 18,2375(t9Ml q12 02 S Ofl.,H2 0 

81+3 Vt 
AURtvtLLtus,e .. ACTA CME"1.SCANO, 1~12375(19641 8?2 02 S Ol6.H2 0 
AURIVILLIUS,e, ANO ?,JONSSON, AMlV tcEMt 191271(11162) Rt OH CR 04 
AtrAlYILLlUS,B, ET IL,, ACT.I CH!'M.SCANI). UI, 1!1S55(1qt,4J Rt2 t"',£ 05 
SEGALtO, J. ET A\..., Z, .l(FUST. 123,"7311~) en St! OU 
ZEMANH•J•• HEIDELBERGER BElTR,MINERALaP!:TAOG,IIIITT, S.139C19!'i6) 812 )l!Q 06 

81♦3Vtlt 
AURtYILLlUS,B,, ARKlV KEMt 3,153(195tl BI SB Olt 
NOON!'.Y,RoCoL,• ACTA CRYST. 1.163119~81 Bl AS 04 
MOONEY-Sl.ATER•R,C,L., Z,ICRlST, 11T,3T111Q621 Bl Po• 
QURASHt,N,M, AND W.H.BARNES• AM.MlNE1t.lLOGtST 38,1189(1953) 11:11 V 0,. 
SHANNON,R.O. AND c.T.PREWITT, TO RE PIJ8LtSHEo. A3 vs V (ZIDCON) 
TOMASHPOL•SKtt,Y. ET lL,, sovtET PHYS.-CRYST • 9,715(tq65) Al F'E' 03 

IBI+S Vt 

81(+3 Vt 
PETERSON,J.R, AND e.B,CUNN1NGHA"1, tNOAG.NIJ(:L.CHEM.LETTERi:: 3,321119671 01(2 o3 

BK•• Vilt 
P[TERSON,J,R 0 AND 8,8,CUNNlNGHAM, TNOlitG,NUCL,CHEM.LETTERt; 5,327(19671 SIK 0-' 

8111:-1 Vt 

l!IR+T VI 

C +4 ttt 
CKESS'.IN,H •• w.c·,HAMtLTON, AND e.P0S7• ACTA CRYST. tft1689(\CJ6!§ ) CA C 03 

C ♦O ti/ 

C +II YI 

c,n vt 
SU[RGER,M,.J,, Z,KIUST, io,,.1:,at1956) cAe NA H sn 09 
CLAAK,J,R, ET AL,, ACU CRYST, 15,201(1962) CA 93 05 0 H 
CAUlCIICSHANK,D.w.J., ACT.I CRYsT. 17,6e5(1961ll Cl2 ~r oa,, 
GARO,J,1., &NO H1F',W,TAYLOR, ACTA CRYST• 13,T65(19601 CA,4 (S13 091 [O H)2. 
HlRRtS,L,A• ANO H1L,YAKEL, ACTA CRYSTo .20,29511966) CA12 BE1'7 029 
no,T, ET AL., ACTA CRYST. 5,209(19521 IC2 c•• RE'~ AL2 ~121& .060,H2 0 
RtETYELO,H,M1• ACTA CRYST. 20,50B11966) CA3 U 06 
SMITH,D.K, ET AL, t ACTA CRYST, 18,767(1965) CA2 St 0~ 
STEINF'tNfC:,H, AND F,J,SANS, AP4.IIIINEIIIL0Gt~T ""•679(1959] CA MG (C 03)2 
TAKEUCHJ•Y• ANO G,OONNAYt ACTA CA·YST, u.,-.6511959) CA lL2 512 08 
WYCICOFF",R1Wt6•, CRYSTAL STRUCTURES 1, (19631 Cl 0 
WTCICQFF,R,W.G,, CRYSTAL STRUCT-UR[S 1,(19631 CS Cl ~3 
WTCKOFF,R,W.G,, CRYSTAL STRUCTURES 1, 119631 RB CA F'! 

C- ♦2 VU 
BAKAKtH,Y,Y. ANO N,V,8ELOV, 00KL,AICAO•N1UK 5SSR 135,581(\f:160) CA BE'2 (P 0412 
CMRIST,C:.L• ET AL 1, ACTA CRTST, 11,761(1958) Cl 83 01& (0 H)3.H2 0 
NE:8AWtH1D1 ACTA CRYST, 5,11,77(1952) CA3 (St 03 0 Hl2,Z H2 0 
PQSN[Pl1A 1S, ET AL,, ACTA CIIIYST. 11•3015(1~1 C.t.10 (P OG)6 ~2 
PAIHDL•W•• Z.KRIST. l231e.l(l966) IL2 CA3 1ST 0413 
AUMANOVA,toM,, M,N.ZNAM£frrfSKAYl, 50V,PHYS.-Cf!:Y5T. 5165D(lq611 CA2 FE IP 0-12.M2 0 
SWlLl.OW,A.1, ET AL.• ACTA CRYST, 21,s,1t1"66) c .u VlO oze.17 H2 0 
WEBS,N,C., ACTA CRYST, 21,94'211966) CA2 P2 OT 
UCHAAUSEN,W,H,• Z,KRtST, 73r71U30) CA Ty ~I 05 

C-♦ 2 vtlt 
!EIIUUT,E,r:', ANO PoBUJM, ACTA CRTST. 'f,ttJ: 119561 Cl TI.i' Olf 
l!IUIIBANK,R,D., ACTA CRYST, U,H<U&~) CAW Oij 
CLlRK,J,R. ANO C.L,CHRtSTt Z.KAIST, J12,2131J961fJ CA 9:, 05,tO H)5,2 H2 0 
CIIUtCtCSHANK,D.w.J,, ACTA CRTST. 17•&&5(19HI C.12 sr 01& 
OECI.ER,9.F. AND J,S,t<.ISPER• lCTl CltYST, JD,332(195?> CA r:'E'#l- 011 
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Table l(b) (cont.) 

HARRIS1LoA• ANO H 0 L.YAKEL1 A.CTA CRY''ST. z0,2QS(lCU,6l CAt2 Bt"17 02Q 
HILL,P.M. ET AL., ACTA CRYST, 9,98ltt956l CA F'!'1 Olf 
HOHNr,r., sovt£T PHYS,-C,:IYST. 7,5SCHJQ63) CA S l')lt 

JAHNBERG•l•• ACTA CH£M.SCAN0 0 17,2"ilt1!(1Q63l CA U2 06 
Jr,iiA.REZIO,M. ET AL,, ACTA CRYST. 16,39o(1C)l'i3) cA 82 Oil 
MUI LER-BUSCHBAUM,H., H.G.SCHNERING, 7,A.NORGoA.LLGF'M,CHEM, ~36,29'5( 1Q6s;l c• 'SC::, 04 
PAVLOV1P,V, ANO N,V,BELOV, SOVIET PHYS,-CRY'il, lf,100C196nl CA f\E' P 04 C' 

PEACOR1D,R, AND "1,.J,BUERGER, Z,KRIST, 117,3:'11(19621 CA .. N ~12 06 
PRANDL•W•• z.~QIST, 123o81(1fii6&l AL2 Cl3 [St Olf)~ 
W£88,N,C, 1 ACTA CRYST, 21,C)'42!1966) CA? P? 07 
WILHELMJ,K, ANO 0,JONSSON, ACTA CHF'M,SCANO, 19,1'7"111%'5) CAiii OM ICR ow.n 
WYCKOFF',R,W,G,, CRYSTAL STRUCTURE'S 1,t1q1,~J CA f!'2 
ZALKIN,A. A.NO 0 0 H 0 T(MPLETON, J.CH[M 0 PHYSo 40,">011lql',4) r:A W Oil 

C.\♦ 2 IX 
J()HANSSoN,G., ACTA CRYST. U,522(1Q5ql CA A2 sn OA 
POSNER, •• s. ET AL., ACH, CRYST. 1t,3nec1qsR1 CA10 IP n416 ~2 
RODl,F. ANO O,BABEL• Z,ANOPG 0 ALLG£lril, CH[lol 0 336,17f106"ll CA Jq 03 

CA.+2 X 
MAREZI0,111 0 ET AL,, TO BE PU8L1SHE'O CA F\Z 04 

CA+2 XI1 
MAREzto.~. ET AL .. TO BE PU8LISHE'n CA q2 04 

C0+2 IV 
KOKKMOs,P.A. ANO P,J,R'E'NTlEPfRIS., z.10:usT. 11q,,-:,4(t!;l631 en S 011. 
SCHN(RTNG,H.G., Z 0 ANORG 0 ALLGtM 0 CHE'"4. 314,1411.(lq6?J CIA t:'n Q:, 

C0•2 V 
CAL\Jo,c. ANO J.S.STEVENS, CAN.J.CHFM. 46,q03(1%~l o, co ""'2 cs:i 04)2 1, 

CALVO,c. ANO J,S,STEVENS, CAN.J.CHF""1. 46,Q0~{1%8l o, cn2 'N (P 04).:' 11, 

C0 ♦ 2 VI 
AU,P.M,L. AHO c.CALVO• CA.N.J,CHEM, 11-.,22a1<1c;,671 CO2 v, O" 
OEWOLFF,P,M,, ACTA CRYSTo 21,432(1q66l CO ll'J H12 
LIP50N,H., PROC.ROT.SOC.(L0NOON)S[l1.A 156,4(,:,(1"1:!6) 3cn S "'"·" H2 t'l 
PQSNJAK,E', ANO T.F.W.BARTH, Z,KRIST. I\A,271<1q31l1 en TT r.,3 
WYCKOF'F,R.W,Go, CRYSUL STRUCTURES 1,<19631 CD r., 
WYCKOF'F,R.W.G., CRTSTAL STRUCTURES 2, f19610 I( Cl"I F:\ 

con v11 
CALVO,C. ANO J.S.STEVENS• CAN.J.CHfM, 46o90,c196AJ CO ?N2 IP 0412 
CALVO,C. ANO J,S,STE'VENS, CAN,J,CHFM, 46o"il0~Clq6/III (02 7N (P 0'-12 

C0+2 Viti 
0RlSSE,F' • • PH,D, THESJS,OA.LHOVSJE UNtV. tMALIF'AXoNo'So I 1 q671 COZ TA2 ()7 
OONOHUE,P.c. ET Al 0 1 INORG,CHEM. 411)52(196°'1 CO2 PE'2 "17 
111.ATKOV!c,e. ET AL,, ACTA CAYST. Zl,71q(19661 co IN 031,.4 1-120 
'IIYCKQF'F,R,W,G,, CATSTAL STRUCTURE'S 1,11963) CO F'? 

CD+2 XU 
POSNJAIC,E. A.ND R,F.w.Bti.RTH, z.KRIST. ~e.265(tq341 CD TT o, 

CE•l VI 
SLEIGHT,A,W,, TO SE PU0Ll51-1E':O IRi::Jz 53 
TEMPLETON,0,H, A~O c.H. 0AU0E'N, J.AMfR.CMEl!.SOC. 76,'i::i:nr1q-;41 

CE+:5 VII 1 
MOONE'l',R.C,L., A.CT• CRYST. 3,33111qsn1 CE P 04 
SHANNOH,R.D. ANO C.T,PA[WITT, TO 9f' PUBLTSHr.O, Q3 Y'i V 11UCONI 

CE ♦3 XII 
ZALl(IN,A, n AL•• J 0 CHEM.PHY5 0 39,2BA1(t963l CFZ "'G3 P·.J 03HZ,21l HZ 0 

CE♦4 VI 
WYCK.QP'JP,i..w.u. • CJl:TSTAL STPUCTVRES l, 11963> BA CE 03 
'IIYCW:OH,R,W.G,, CRYSTAL STRUCTURES 1,f1%31 SA Cf:'. 03 

CE+4 VIII 
IIIYCKOFF,R,W,Go, CAYS.TAL S.TAUCTURE'S. 1,Clq6]1 CE 02 

CF+3 YI 
GREEN•.J,L, ANO 8,8,CUNNJN<>HAM, INORG,t-lUCL,CHE .. ,LfTTEPli 3,343(19671 CF2 Ol 
PETERSON•JoR, ANO 8.~. CUNNINGHA.Jrill1 ?NORG,NUCL,CHF:M,L[TTEn<; ,, )2711%71 CF2 n3 

CL-1 VI 

CL.:+S 1Il 
ZACHAAI.lSEN,W,H,, Z.IHUST. ?1,51111q241 K CL 03 

CL•7 JV 
GOTTF'Rl[D,C. A.NO c.SCHUSTERiuS1 Z.ICRtST. ll'h6"i(1Q32) I< CL /)It 
ZACHAAU.SEN,w.H., z.teRIST. 13,1&11(1q30) NA CL 04 

CL•? Vl 

CM+3 VI 
PETERSON,J,R. ANO e.e,CUNNTNGI-IAM, ?NORG.NUCL,CHE",LFTTERO:: ,,327(1Q67J CM2 o3 

CM♦ lt VU? 
PETERSON,J.R. ANO e.8.CUNNINGHAM, INoRG,P,IUCL,CHElol,LFTTERO:: '.',1>2111q6'?) CM o:, 

CO•2 Vt LS 

CO+Z VI HS 
8AUR,W.M•• ACTA CRYST. ll1488119'5A) CO F'2 
IBERS•J.A. AND G.W,SMlfH, ACTA CRYST. 17,1q0(19641 NA CO2.] MOl 01? 
MONTGOMERY,H, ET AL,, ACTA CRYST. 22,715(1q&71 CO f~ Hll.12' fS 011.12.F. M2 0 
RENTZEPfR?S,P,J,1 NEUES JAl-fRB,MJN[RAL , "'OtlAT<iH, 2,6flq<;9) Cl') SO" 
SCHN[RTNG,H,6,, l 0 ANORG.ALLG[M 0 CH£M. ]53113(1q67l SIA2 CO C'& 
SMITH•G,w, ANO J,A.IBERS, ACTA CRYST, 1'!126Qf146S1 CO UO 014 
VAN NIEKERll:,J,N,, F,R,SCHQ(lo,l?NG, ACTA C:RYiiTo 6,60<1(1Clli31 Nf CC H3 C () OJ;,,4 H2 0 
WYCKO,:F,R,W.G,, CRYSTAL STRUCTURES 1, (1q631 CO 0 
WYCKOFF,R,W,G,, CRYSTAL STRUCTURES 2,Clq61t) M CO F', 
ZALKtN1A. ET AL., ACTA CRYST 0 15•1214(1q621 COS oi..6 MZ, 0 

C0+3 YI LS 
8LASSE,G., J. I NORG, NUCL, CME~. 21,7is8(}'l6151 Lt CO 1'2 
SMANNON,R.0,, %NORG.CHEM. 6,1414(1 1H,71 R3 VS V (PF'110VSl(?T£1 

CO♦l Vt MS 
8LAS~,G,1 J,INOAG. NVCL, Cl-IE"", 2'7 o7cilH19b5> K3 CO F& 
HEPWORTHtM.A, f'.T AL., ACTA. CRYST. tCl,63{19S7) en,:" 

CR+2 Vt LS 

CR+2 II[ HS 
JACK , W: 0 1-4 0 ANO R. MAITLAND, PROC.CHFM 0 SOC.LONr>ON ''l?.(1Q57' rlt F'? 
SHANNON,~ 40• AND C,T, PR[tflTT, TO 8£ P\JBLISH[I'), R:!I, VS V (AVTfLfl 
SYf'.?N,:INK,H. ANO J,H,8UANS• ICTA c11Y,;T, 17,e2311a,-41 ca, F'~ 

CR+3 VI 
DOUGLASS,R.Jill., ACTA CRYST, 10142311957) H CR 0 ~ 
11:NOX,IC., ACTA CRYST. 13•50111'960> cD F3 
NEWNHA~,R.E. ANO Y.E.D£HUN1 z.11:Rrc;r. 117,23Sl196~J CAl 03 
SHANNON,R.O,, lNORG,CH'EM, 611474(1%71 A3 VS V (PF'ROVSl(lff"l 
5TE?N,:INIC,H. -'ND J,H.1URNS• ACTA cnY<T, t7,R~'H1Ql,4I CR? ,:~ 
WILHELMJ,K•• ACTA CHE'M,SCAN0 0 12,lq65f1<J59l K C1' (CR 0412 
WILHELMJ•IC•• ACTA CHE'M.SCANO, 19,1651196~1 CRS 012 
WYCKOF'F'.R,W,G,1 CRYSTAL STRUCTURES 2,1196111 CE CR 03 

CR•4 1v 
WILHELJillt,IC.A., ARKIV KEM! 26,15711967) SRZ CR 011 

CA+lt VJ 
CHAMBERLAND,B.L,, SOL!O STATE COMMUfi. 5,6631lq67) t;D co 03 
ClOUD,W.H, ET AL., J.APPL.PHYS.,SuPPt, 33,110,uar,21 cq 02 
S,HAt..lN0N,R.D. AND c,T,PREWITT, TO ~r' PURLJSHF''). R3 vo; v IPIJTILFI 

CR+5 IV 
GREEN8LATT,M, E'T AL, 1 ACTA CRTST. 13, l66f 1967] CA2 CR l\i. CL 
SHANNON,R,0, ANO c,T,PREWlTT, TO 8E' PU8L1'5HF'O. n, ye; V C710CONI 
WILHELMJ,K,A, ANO 0,JONSS0N, ACTA C~E'M,SCAND, t9,t77(JIJ6"1 CASO M CCR 041'5 

CR+5 Vtl J 
STROM8ERG,R. ANO C.BROSSE'T, ACTA CMt .. 0 SCANO. 111.,11.i.lllq&Ol Jt3 CR 01' 

CR♦6 IV 
AURIVILLIUS,8, ,\ND ?,JONSSON, ARKIV lCF:Mt l9,,.,.111q62l Qf OH CP Oil 
BYSTROM,A, AND K,WILHELMJ, ACTA C~E'M,SCANO. 4r113lflq"',OJ <".P 03 
COLLOTTl,G, ET AL., ACTA CRY5T, 12•4t6CLC15'9l PR CR t:'4 
LUNOGREN•G• AND L 0 G.SILLEN, ARKIV KE .. I t,27'7'fl(jl40J TH lr"I HJ;:o CR 04 H2 <"' 
LUNOGREN1G,1 ARKIV KfMI 1:,,5q(Jtf!>!I) ZRW II) MJI) (CR 011.l',? H1 O 
MILLE:R,J,J.1 Z,KR?ST. 99,3ZC1938J cS2 CR 04 
NARAY-SZA.80,t. ANO G,A.RGAY, ACTA CMI~.•cAn.'icl.HUI\IG, 40,?A:,11q~41 S:,fl CR 011 
QUARENI,S, AND R.OEPIERI, ACTA CRYST, 1Q,2.!PC1%'i1 PB"=" 04 
WILHELMI,K., ACTA CHEM,SCA.1'~0. 12• 1q65(195~1 K ("R'.'1 OJI 
WILHELMt,K,, ACH CHEM.SCAND. 19,16511%51 CR5 012 
WILHELMI1Ko1 ARKIV KEMI 26,13111%71 LI Cl'] 08 
WILHE'LMI,K,t Alil:KJV KEM? 26,141(tq671 Cli CP, 08 
ZAC~ARUSE'i,w.H. A.NO G.E.ZIE'GLEA• ,.KRIST, 80t16~(1CJ:,t l 1(2 C;t o"' 
ZP'IUKOVA,L.A.. A~o z.G.PINSKE'R, SOVH'T PHYCi.-CAYST. CJ,'."11(1Clfolll K2 CA? 07 

CR+6 Vl 

CS•l VI 
8URNS•J,H. AND W4R,BUSING, INORG4CHE1111, !4,151Cll1'96t;) CS LT F'1 
W'rC.C0~F',R 0 W,G,, CRYSTAL STRUCTURfS 1.119f,3) CS r-

CS+l Ix 
MILLER,J 0 J .. Z,KR?ST. 99,]211'11381 CS2 C'.R o-. 

CS•l X 
BYSTROM,A 0 ANO k,WlLHELMl, ARKJV K[Mt 3,37311'9,JI cc; 511.;i ,:-, 
•ROGH-MQE,J, ANO M,IHARA, ACTA CRY<;T. 2,.42711?67I cc; ■a Otll-
MILlER,J.J., Z,KRIST. '99,3211938> tS.2 CR 011 

CS+l Xtl 
CROMEr:t,o,T, ET AL., ACTA CRY5T. 2J•5&31J(jlb6> cc; Al ts ("111,)?.12 H2 0 
'E'YANS•l-i. T • ,JR, ANO s.BLOC• • JMORG,CHl;III, '!,, lAn~c J066> ('i, Yl ()8 
R05ENZWEIG,A, ANO O,T,CAOMER, ACTA CRYST. 21,86511967' Ct; U F6 
ZALKIN,A, ET AL,, J,CHEM,PHYS. 37,697119621 CS lrilN 1'=''.!I 

CU+l lJ 
PA8ST,A 0 , lM,MINERALOGIST 31,53911'9461 CU~~ O? 
PREWJTT,c.r. -'NO R.D,SHANNON, TO es:: OV9Ll5Hl:Q. cu ~r 0~ 
'IIYCW:OFF,R.W,G,1 CRYSTAL STRUCTURE'S L,11'9631 CU' 0 

CU+l VI 

CU+2 IVSG 
91\CHMANN,H , G. AND J.ZEMANN, ACTA CRYll]iT• Ut747Clq6ll P 11 CV 5 04 [0 M)Z 
BRUNTON,G. ET AL., ACTA CA'rST. 11,164119581 CUii J,IIGlll cc o:,14 (0 Hl24 ... H2 n 
BUIICOWSKA-STRZYZEWSKA,"1.1 ACTA CRYST. ttJ,357(1Q6Sl CU (1-4 C O 012.2 H2 l'J 
FJNNET,J.Jo ANO T ,ARAtcl, NATURE 19717011%3) CU3 fCi 04) 0 HII 
,:LUGEL-KAHLER•t., ACU CATST, 16,1DO<JIJQ63) CU.' 0(5 041 
GATTOlhG., ACTA CRYST, 1lt37711Q5&l CU SE 03.2 1-1:, 0 
GATTDW,c;., .IND .J.ZE'MAN~ • .ICTa Cl1V~T. 1l,866(1Qllil9] cu:, (" .. ,, er: 031, 
GHOS[,S., ACTA CRYST, 15'1105<%962> CU I 03 0 M 
GHOSE•S., ACTA CRTS.Te 16•J2•U1'163J CU5 IP 011.)2 10 1-11" 
JAGGJ,H. AND MeR40SWALD, .ACTA CRYST. 1-.,1n111ttc;,E.,1) CU (t) 1-02 
KJRIYAMA1R, ET AL,, ACTA CRYST • 7e .. 82'19'51il CU (H C 021:,.lf H2 0 
PLIETH1K. AND o.SANGFR, Z.W:RtST,124oQJl1067) ZN2 cu {AC o .. ,;, 
RA018 0 RAMA• ACTA CRYST. 1~,73,81tq6l) t-lA2 CU [S 04)2.2 1-1:, 0 
TUNELL•G• ET AL.• Z.KRIST. 90,1201193s;J CU r., 
YAN NIOERK,.J,N., F,R.SCMO'E't-ltHG, ACT.I CRYST, 6,2271IQ"i3,I r.o, IC H' CO fUll.,2 Mzo 

CU♦2 Y 
ABAAHAMs,s.c, £T AL,, J.CHEM.PHYS. ""'•2619119681 cu MO n4 
FLUGEL-KAHl.(R,t., ACTA CAYST. l611nOqf19651 CU2 or,; 041 
HERITSH,H,, t.kRIST, 99,466(1'938) cU2 0 HAS 04 
HEAITSH,H.1 Z,kRlST. 102,111939) Cu2 0 HP Oil 
POVLSEN,S.J, ANO C.CALY01 CAN 0 J 0 CHE'M. 46,917(19611.l r'U3 1c;2 08 

Cu+2 VI 
8ACH1,i1,ANN,H,G. ANO J,ZEMANN, ACTA c11v5T. 14,'7'47(U6ll P• cu 5 04 (0 M)?. 
9ILLY,C. ANO M.M.HAENOLER, J.AM. CME:1,1.soi::. "~•1DCfQ(1~'i7) CIJ F2 
SUICOWSKa-STRZYZEWSKfl,M., ACTA CAVST. n,357(}Q65) cu (.., C O 012.::i ~2 0 
FtNN[Y,J.J•• ACTA CQVST . 21,113'?(19661 CU2 fAS 011) 10 Hl ,'1 M;t 0 
FLUGEL-ICAHL[lhE., ACTA CQTST. 16•1!10CJ(1963) cu;i, O(t; 04) 
C't!NE'TTI,Y,, 8ULL,50C,CHJM,~ELG-ES 63•209(1'1Sll) CU r.F" 03 
HfAITSCH,H., z.,oHST. 99•466(1938) cu2co M) (as 04l 
HEIIITSCH•l-4•• Z.KRIST. 102,1(19391 CU2 10 Ml (P 04) 
JAGGt,H. •ND M.R.osw•LDt ACTA Cll'rCiT. 11l,101tt(1,;61) CV (t'I ... ,::i 
KNOX, K •, Jo CHEM, PHYS. 30,991 ( 1959 > K2 CU Flf 
NOWACKJ,tfo AND R,SCHEIDEGGE'A, HE'LV,CHIM4ACTA. 35,~7~11'1521 CU2 (0 1,113, NO) 
RAO,R 0 V 0 G 0 SONDA.t.. ET AL,t l.,<RlST, 110,231f19'58l CU ~A? IC O O MJE,,11 M:, 0 
RA0,8.RAMA• ACTA CAYST, 11i•321f1'9611 Cll S "" 
RAO•B,A•M.t.1 ACTA CRYST. 1",738[1061) NAZ CU (S ()")2,2 1-12 n 
WTCKOFF,R,W.Got CRYSTAL STRUCTURE~ 2,11%41 ,< CU F3 

DY+3 VIII 
ABAAH.lJri115,s.c. AND J,L,BEANSTEIN, J,CHEM,PHYS, 46,377611911.71 DY M:Nt 05 
EULER,F. AND Bqucr,J.A., ACTA CRYST. 1q,97111'l651 ov~ tr-2 r:F3 012 
SMANNON,Ft,0, ANO C,T 0 P8EWfTT, TO 8~ POALfC:U:-0, R VS A IPYAOCHL.ORF°J 

ER♦ 3 VI 
FERT,A .. BULL,SOC,FRANC,MINE'RAL.CRtST. ec;,267t191\~I EA' o, 
TEMPLEToN,D.H. A.ND c.H.OAUREN1 J.A.i.t.cHEM.SOC, 1tulj,?3711'9'-41 E'A2 03 

ER•3 VJ II 
KNOC,,Q 4 ET AL., CAN,J.CHC111, 43,28121t9651 ('12 TI? 07 
PATSCH['l(E1E, ET AL~ 1 CHEM,PHrS.LETTERS 2,uc 1q68l ,::R M t'.14 
SHANNON,R,D. ANO c. T .PR(WITT1 TO "~ PUSIILISMF'l"l, Sl vc; • IPYRnCHLOR(l 

EU•2 VI 
W't'CKOF'F,R,W.G., CRYSTAL ST"UCTURE:5 1,1146:,1 tU I') 

EU+2 VJil 
R.t.U,R.C.• ACTA CRYST • 20,7161119661 EU3 011 
WYCKO~F,R.W,G,, CRYSTAL STRUCTURF'"i J,(1'96'.3) EU F":, 

EU+3 VJ 
RAU,R,C., ACTA CRYST. ~0,116(19661 F:U3 Oli 
T£MPLEToN,O,t4, ANO C,H.DAUBEN, J,AM,CH£M.SOC, 76•t;?:37(1q'-"1 fU2 05 

EU•3 VII? 
MAAtZIO,M, ET AL,, J,CHEM,PHYS, 48,lOq41196R) E't13 ,:f2 t;A5 012 
SHANNON1R,D. AMO c.T,PREWITT, TO AF PUALISHFO. A vc; A IOYROCHLOAfl 
TrMPLE' TON,O.H, AND A,ZAL•JH, ACTA CRYC.T, 16,76211"~6~) r"? Of 0415 
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Table l(b) (cont.) 

• -1 11 

F -1 Ill 

F' -1 IV 

F -1 VI 

I" +7 YI 

FE+2 IV HS 
HANISCH,IC,NE\,ll!S JAHftetMI~EAAl,MONATSH. UB,362(Jct66) H F'[2 AL8 SI .. 02't 

FE+2 VI LS 

FE+2 Vt HS 
BAUR,W.H,, ACTA CRYST, u,i.eaU9581 FE F2 
BAUR,'11,H,, ACTA CRYST, 15,81511962, FE S o,., M? 0 
8URNHAM,C,W,, CARNEGIE INST,WASH,YEAR BOOK 6S,285(19(,,61 VE SI 03 
Gl88S1G,V, ET AL•, AM,MINERALOGJST, tN PRESS, F'F'.2 C.t 0" 
HAMILTON,W,C,1 ACTA CRYST, 15,35311962> FE' SI 11'6,6 M2 " 
KESTl&UN,M, ET AL,, INOR6,CHEM, S11462(1966) 1111! FF ,3 
AUMANOVAtl,M,, M1N1ZNI.MENSKAYA, SOYoPHYS,-CAYST, !5t6501tct61) CA.2 FE CP 01UZ,M2 0 
SMITH,O,K,. t:T AL,, ACTA CRYST, 181 787( 1965) FE2 Sl O't 
STRUNZ,H, ANO M,GIGLtO, ICT& CRYST, l't1205<196l) FF. GE 10 Hl6 
lA.JtU,o •• Z,KRlST. U•ol92(196'7) FE V O't 
WlCJtOFF,R,W.6•• CRYSTAL SlRUtTURES 1, ll963l FE 0 
W'fCKoFF,R.w.rs •• CRYSTAL STRUCTURES 2, Ut61U K FE' F3 
ZEM.,...,J,., N[UES JAHRB. MlNERAL,MONAT!'.H, 67tl~5t) F~ GF (O Hl6 

FE+3 IV HS • 
BATT,A. ANO e,POST, ACTA CRYST, 1S,U69(1'162) v3 FE~ 012 
BERTAUT,E,F. ET AL., ACTA CRYST, U•l"t;i(l'J!IQ) CA2 FE2 1')11\ 
BERTAUT,F. ET AL,, COMPT.RE'ND• 2!5"1,r.2UU63) NA FF 02 
EULER,F. AND J,A,BAUCE, ACTA CRY~T, lq197lflt>65) M3 FEIi\ 012 
GELLER,s. ANO N,A,GILLEO• ACT& CRYST, l0,23«>(195'7') Y3 C'F:5 f.\12 
ROMEAS,c. ET AL., ACTA CAYST,. 22•766Cl'96'7l NA3 FE5 09 . 
WEIOENEIORNER,J.E,1 ACTA CRYST. t•,1051<19611 G03 F'E'5 01?. 

FE+3 VI LS 
BLASSE,G., J,.1NORG,NUCL,.CHE'l4, 27,Tl.l.811965) 
SHANNON,R.D. AND c.T,PREWJTT, TO BE PU8LTSMro. R3 vs V IK:, ~UT rc~)6) 

FE+3 VJ HS 
ABRAH.t.Ms,s.c. ET AL., J.CHEM.PHYS. 'i2',:,9STt196!5) GA F! 03 
BATT,A. AND 9.P0ST, ACTA CRVsT. u,U611{tcJ621 Y3 F'l!'I§ 012 
BERTAUT,E,.F. tT AL•• ACTA CRYST, 12•1119(1959) CA2 FE2 O'!i 
BLAKE•R.L. ET AL11 AM,NINERALOGtST !lt,tz3(1Qt,6) F'r2 03 
BLASSEtG•• J,INOAG,NUCL,CHEM; 27,1119(1965) 
COPPENS,P. AND t4,EtBSCHUTZt ACTA CRY5T. 191!521U19f)'!U 6" F!: 03 
EULERtF', AND J.R.BA:UCE• ACTA CRYST. 191971(1965) ,., F'!:~ 012 
FlHNEY,J,J,, AM.MtNERAt.OGlST 48,111963) PB FE2 tAS !>"):> tO M>2 
HEPWORTH,1111.A, ET AL,, ACT& CRYST, lll,65(1951) F'E F'3. 
SHANNON,R.D., JNORCi,CliEM, 6tl47"(1CJ61) A3 VS V IP!'.ROVSl(fT£) 
TOMASHPoL•SJltJl,Y. ET AL,, soyJ[T PMYs.-cnsT. 9tT1!511~651 ~T FE 03 
VEIDENBORNER,J,E., ACTl CRYST, tll,U51<196tl 603 FF:'5 OU 

FR•1 VI 

64+3 IV 
J.BRAMAMs,s.c. ET AL,, J,CHEM,PHYS, 4213957<196!5) GA n: 03 
IEU..ER•ll'• AND J,A.BRUCE, ACTA CRYST, l9t971Cl96!1) M3 GA.Ii 012 
6ELLEA,5., J,.CH(t4,~YS, 33,676119601 GA2 03 
NAAEZIO,N,, &CTA CRYST • te,,el 119651 Lt GA 02 
MOONEY,A.C•L•• ACTA CAYST. 9,72811956) Gl Po .. 

Gl♦3 V 
SHlNNON,11.D. AND C,T.PSIEWJT,:, J,tNORa,NUCL.CHEM, IN Plt[Sc;, IN U 03 

GA+3 Vt 
BREWER,F.JI!. [T AL,, J.IN0116,NUCL,CHE14, 9,!5!HU59l GA F"~ 
EULER,F'. AND J,A.8RUCE, ACTA CRYST, 19,9Tlfl965) N3 $A5 012 
GELLEAtS,• J,CHEM,PHYS, 33,676119601 GA2 03 
MAREZI0tM. AND J.P,RIEJICEJK&, J,.PHYS,CHEN,SOlIDS 26,1277114651 OA2 0! 
MOON!:Y·SLlTfPhR,C,L., ACT& CRYST, 20,526(1966) GA P 0,.,2 H2 0 
MOROSIN,9. AND A,ROSIENZVEJB• ACTA CRYt;:T, Uh8'711(1t65) AA tM 04 
VYCK()FF,R,W.G,, CAY~TAL STIIUCTUR[S 2,Cl96QJ CE GA 03 

BD•3 YI 
TEIIPI.ETON,D,H. AND C.H,DAUl!IEN• J,AW,CHEN.SOC, 76,523T(1~-) GD2 03 

&0+3 YJII 
!RlSSE,F1, PH,O. THEStS,DALHOUSJE UNIV, ,HALIFAXtN•5• (1'96T) $02 Tt2 OT 
EULER,F, AND J.A,BRUCE, ACTA CATST, 19,971(1';165) G03 AL2 AL3 012 
SMANNON,R,0. AND c.T,PRE'IIIITT, TO BE: PUl!!ILIS~o. R YS A (PYMCMLORE) 
WEIOENBORNER,J.E., ACTA CRYST. 111,105lrlq611 803 FP-5 012 

GE•2 VJ 

OE♦ lt JV 
ABRAMAtts,s.c. [T AL,, J,CHEM,.PMVS, ,.,..-.o~lt'M,'7) BtU a~ 020 
OUIIJF,A,, ACTA CAYST, 9,533(1956) GE U 04' 
6INETTJ,Y,, BIJLL.SOC,CHIN,8!'.LGES 63•2C9(195r.) CU GE' 03 
MIL~R,w,, ACTA CRYST. 15,1101<1962) BA GE OS 
HILMER•W•, SOVIET PHYS,-CRYST, 7,S'T3(1963l SR GE OS 
tNGRI,N, AND G,.LUNDGREN, ACTA CH[llt,.SCANO, 17,617(19631 NU GE9 020 
JAMJESONtP,8, AND L.s.o. GLASSER• ACTA CRYST, 22,!107(196'7) NA2 6!' 03.6 H2 0 
LAASEN1F,K, [T AL,, ACTA CHEllll.5CINO. 21,128tll96TI ,NU c;N• GE10 030 (0 Hilt 
AOBBJNS,c. [f AL., J.R~S.NATL,9UR.ST0. Tl'JA,3ft5(19661 ea, G['t 09 
SJIIIJITH,1,5. ANO P.B.JSAACS, ACTA CRTST. 11,8-.2(1961.1.I <I! r.12 

6[+'6 VI 
BAUA,w.H., ACTA CflYST, 9,515Cl956l Gt 02 
HOAAO,J.L. AND '111,8,YINCENT, J.,tM,.CH£M,50Ct 61129"911939) IC::! GE F6 
INGRl,N, AND 6,LUNOGREN, ACTA CHEM,SCAND, 17,617(19631 NA4 B£9 020 
ROBBINS,C. ET AL., J,RES,NATL.,euR.STo, TOA,385(1C>661 BA SEIi 09 
SHANNON,R,.D, ANO. C,T,PREWITT, TO BE PUB. R3 VS V llfUTILE) 
STRUNZ,H. ANO N,GIOLIO, ACTA CRYSTt 11,2050961) F£ G£ (O Ml6 
ZENANN,.J,, NEIJES JAHAB.MINERAL,MONATSH,. 6'7,ttQ59) l='E 6~ fO. H)6 

H ♦ 1 I 
ABRAHAMs,s.c. • J,CHElll,PHYS, 36,56fl962) cu F'2.2 H2 0 
ABRAHAMs,s,c., J1CHEJ111.PHYS, .. "•22SO(t966) FE3 P2 09," M2 0 
CROME~•O•T• tT AL,, ACTA CRYST, 21.1383(14661 ALUM 
KUIPERS, ET AL,• J,.CH'EN.PMYS, 25,2'7!1(1.CJ!161 MF 
PU£NTEL•G•C• ANO A,L,MC CLE'LLAN1 TH[ H'YOROfl[N BONO, REtNHOLr.t (NEW VORKl 1%0 

H +1 It 
CLLISON.R.D,. AND H.A,LEVY, ACTA CRYST1 19t260C1965) K 1-1 fC2 H O" CL) 
HANILTON,W,C. AND J.A,l8ERS1 ACTA CRYST, 1611209(1963) M CR 02 
MC DONALD1T.R,R., ACTA CAYST, 13,113(19601 (N Hlf) H F2 
MC GAW,B,L• AND J.A.tBERS, J.CHEN,PHy'S, 39,2677(1963) NA H F2 
PETEASON,S.W, AND H,A,LEVYt J,CHEN,PHYS. 201701f(l952> I( H i::'2 
PETERSON,S,W, AND H,A1 LEVY, J,CHEM,PHYS, 29,9119(195~) K H IC2 H2 O"I 

HF♦ lf Vt · 
!AlSSE•F•, PM,O.THESIS,OALHOVSIC UN!v,1HALJF'AX,N.S.(t967) M2 HF'2 01 
SMANNON,R,0, AND C.T,PftEWITT, TO B~ PIJBL!SHE'01 A VS A (PYlll:CCHLOREI 

HF♦ &l Vilt 
-.YCKOFF,R,W,6,, CA'fSTAL STRUCTURES 1,(1963) HF 02 

H&+l Ut 
GRDENIC,D, J,CHE!ie.SOC, 1'1211956) 1-492 (N 05>2.2Ht 0 

HG+2 It 
AURlVILLlUS,1(., ACTA CRYST, 9•685U9!16) H6 0 
AURIVILLIUS,K,, ACTA CHEIII.SCAND, llh 13D!Hl96,> HG O 
ROTH,,hL,• ACTA CRYST, 9,27TC1956) HG 0 

H6+2 IV 
BONEFACIC,Au ACTA CRYST, 1•1ll6fU6tJ HI S O"•H2 0 
KO'(KOROs,P,A. AND P.J.RENTZEPERt~, Z,KRIST, 119,23•119631 HG S OIi 

H6+2 VI 
BONUACIC,A,, ACTA CRYST, 1i.,1l6U961) HG S Oll,H2 O 

HG♦2 Vttt 
SHANNON,R,Dt AND C,T.PREW!TT, TO BE ft4JBLISHEO. R VS A IP'f'ROCHl.ORE) 
SLEIGHT,A,W,t TO BE PUBLISHED, HG2 M2 07 
WYCKoFF,R,W,Gu CRYSTAL STRUCTUJtES 1, <1963) HI F'! 

H0+3 VI 
FERT,A., 8ULLtSOC,FRANC,NINERAL,CllltST, 85,26'7C1CJ62) HO#! 03 
TEMPLETONtD,H, AND c.H.OAU8ENt J,AM,cHEN,SOC. 761!523111~} H02 03 

H()+3 VllI 
SKANN0Ntfl,0. ANO c.T.PR[WJTT, TO nr. PUBltSHED. R vs A CPVROCHL(Ht!) 

I -1 VI 

1 +5 Vt 
VYCKOFF,R,.W,6•• CRYSTAL STRUCTURES 2, fl96&ll CS I 03 

• VYCKQFF,R,w.&., CRYSTAL STRUCTUR[S 2, <196Ql ~B t 03 

t +7 Vt 

IN+3 VI 
M:ACll!'.RHOFF,a. AND H.KASPIER, ACTA CIIY5T, en,3eeU'%8I CU2 JN2 05 
JOMANSSON1G 1 1 ACTA CHEM,SCANO, 1!1,1"!7{1961) n,r OHS <'Ml (H2 0)2 
MAREZl0,N,, ACTA CRVST, 20•723(1966) 1N2 03 
MOON[YtR,C•'-•• ACTA CRYST, 9,1UC1~56) IN Pa. 
MOONEY•SU,TElhR.C,L,, ACTA CRY!it, U,11110(1961) lN P Oct,2 M2 0 
REtO,AtF•• lNORG,CHEN1 6,65lflt67J CA IN2 011 
ROTH,R,s., s.J.SCHNEIDER, · J,RES.NATL.BUR,STD, 60,309119601 R3 YS Y OtN2 O~l 
SHANHON,R.D. AND C, T tPREWITT, TO 8£ PlJeLISH[D, JN2 03 

IN+3 VtU 
SHANHON,R,0. AND C,T,PREWITT, TO BE· PUBLISHED, RY~ A (PYAOCHLM:E) 

IA+l Vt 
HEPWORTHtM,A, ET AL, 1 ACTA CRTST, 10,65(195'71 IR S'3 

IR .. VI 
8ABEL•D. U "'-•• z.AND1'G,ALL$DI.C~. 3Q't,282(1966) CU: TR o• 
ROOJ, F, AND D,BABEL, Z,ANORG.ALLl£N.CH'EJIII, 336,l'tll96'51 CA IR 03 
SHANNON,R,0, AND C, T ,PRCWITT, TO SE PU!LISHEO, R VS A tPYROCHl.ORE) 

K +1 vr 
BOOE,M, ANO E,VOSS, Z1ANOR$,ALL8EN,CHEN. 26,,ti."119511 K SB F'6 
M0PPE,A, ANO H,SABROWSKYt Z.AN0RG,ALLIJ.EM,CH£"1, 339•1•1fU'l65) IC SC 02 
STANLIEY,E,• it,CTA CRYST, 9,$97<19!16) K2 52 06 
WYCKOF'F',R,W,G,t CRYSTAL STRIJCT\JRES 1, <1963) K F' 
ZACHARUS[N,w,H., ACTA CRYST,. 7,783(19!5'6) K3 U oa ,.,s 
ZACHARlASEN,w,H., ACTA CRYST, 7,792(19511) . K3 U F'P 
ZI[iLER,G,[,, Z.KRIST, ~, .. 9\<1936t K N 02 

K ♦ 1 vu 
EANES,E,.0, AND H,M,ONDIK, ACTA CRYST • U,1280(1962) LI K2 P3 09.Hf 0 
rnwuas.o.a •• z.unsT, eo,15'1.U951> IC N o3 
L!HDCIVlSTtl, AND M.MORTSELL, ACTA C9''fST, l0•1J06Cl95'1 K2 52 05 
MAREZIO,N. ET AL,, ACTA CRYST, 161975tl963l K2 e• o.r.~ H2 0 
ZACHARUSIEN,W.H,• J,CHIEN,PtfTS, 51919(1937) IC B 02 
ZHI.N(OVA,1-,a. AND z.a,PJNSIC'.1!'.R, SOVIET PHYS,-CRYST. 9•31(196,lf) 1(2 CR2 01 

IC +l YIU 
ANDERSSONtS, AND A.D,WAOSL[Y, ACTA CME •• SCAND. 1'5,663119611 1C2 TU! 05 
KLT1R,F, ANO N,C,8AE'NZ16£Rt J.AM,CHE•.soc. 7tJ,;,t61l4Ml,71 K S 03 (NH O HI 
CHRIST,C,L• IET AL., ACTA CRYST. 7,801<19!1'1 KV 03,ft2 <I 
EANES•E.O. AND H,1111.0NDtK, ACTA CA'fST • . U,12110fl962) Lt K2 P! 09.H2 0 
FORRESTElhJ.O. ET A\.,• ACTA CRYST, 16•58<1''65) IC Ht F3 
LtNDOVtSTtl. AND M.MORTSt'LL, ACTA CA't'ST. l011l06(19!57) K'- S2 05 
,.ORROW,J.C•t ACTA CRYST, 13,ll':5119611) K RE' oi. 
PALENlK,O,J., INORG,CM!M. 6,503flCJ67J K MN 01 
SIEGEL,s,, ACTA CRYST, 9,•93UtJ56J K 811 F, 
SUTOR,D,J, ET AL,, ACTA CRYSTt 7,1Q5(1951> K2 C2 H N OIJ 
WADSL.E'f,1,0,, ACTA C1'YST, 11,623(196") K TI Nl5 05 
ZACHAR!ASEN,w,w., ACTA CRYST, ,,793{195-1) K3 U 02 F!5 
ZA.CHAR!A$£N1W,M., ACTA CRYST, 1,792(195ta) ~3 U F'7 
ZACHARUSEM,w.H. ANO H,A,PlETTIN6[R1 ACTA CRYST. t6•376Cl963} K 85 oe., H.2 0 

K +1 lX 
AIIAVINOAKSHAH•C•• Z,ICIUST, Ut,35Cl958J K CL 03 
BALZ,D, AND KoPLlETK, Z.E'LEKTROCHEM, 591!51l!5(U55) IC2 NY FIi 
BOOE,H, AND 8,TE:UFER, ACTA CRYST, 9,92911'1156) IC2 HF F'6 
l!U\0WN•6 1M, AND L.A.IOLKER, ACTA CRYST, 20,220(196&> K2 NB F'7 
OONOHUE:,,J, AND L,HELMHOLZ• J,AM,C~M.soc. 6l1129'!Hltll) K AG C 03 
HOlltD,.J,I.., 1 J,lM,CH'EM,SOC, 61•1252119391 K2 N9 l"'t 
ICNOX,K, t J,CHEM,PHYS. !D,991 (1959) K2 CU FQ 
KROIH-to10£1J,, ACTA CNYST. 1111t1088119651 K2 BUI OU 
LOOPSTRA,L,H, AND C,H,MACIILLAVRY, ACYA. CRYST. U,3,9(1958) K H S 04 
PALEN1K,.,J. t INORG,CHEM. 6150TU961J K2 .. N OQ 
SCHNElDr:R,W,, ACTA Clll'l'ST. 1',78'6fl96t1 1(2 ~ (5 0'6)2,, H2 0 
ZACHAlllASEN,w,H,.t SKAIFT,NORStcE VIO,-AKADt OSLO,J.NAT,NATUR,KLASSEfl9Hl ,t BA 03 
ZACHAR1A$£N,W1Ho • Z,KRtST • Tt,501 C 1929) K CL 03 
ZACHARJASDhWoH,, Z,KA!ST, 19•529119311 K2 5:, 06 
ZlCHARJASEN,W,H, ANO G,E,ZJE!JLE.lh Z,KRIST,. 80•16•(1931) K2 CR 0&1 

K +l X 
BYSTRON,A, ET AL,, ARK IV l([Ml ,,1'5(1952:J K SB FQ 
CA ... ILLo,F. ET AL., ACTA CAYsT. 21,20011966) K NA!! FE2' Tt2 rs1~ 01212 
EYANS,H.T.•JR,t Z,KRIST. 1U,25'1Cl96o) I( V 03 
KEEN,R,c,, Z,KRIST, 91,129(1935) K2 52 09 
PALENitc,G,J,, INORG,CHEMt 6,507(1967) K2 "'N 016 
ZACHlAUSEN,w,H, AHO G.E.zt[GLEII, ZtKRIST, 80116Q(l93ll K2 CR oq. 

K +1 XU 
BOOE,M. ANO H,V,OOttRtN, ACTA CRYST, 11t80tl~) K TA F'6 
BOOEtH, ANO H.V,.00t4R£N, ACTA CR't'ST, 11,S0(1Q58) K NB F'6 
n.LtN8ER•F•H• ANO ZACHARUSEN•W,M,, J,PH't'S,CHEN, 5$11il15Cl95•> I( PU 02 C 03 
EVANS,H,T,.,JR., ANO S,BLOCKt !NORG,CHEM, 5,180&Cl966) K V3 08 
GOTTFAlEO•C• AND C, SCHUSTE'AtUS, Z.K111IST, 911,65U932J K CL o• 
HEPWO"THtN.a. ET AL,, J,INORe,NUCL,CHEM. 2,'79'19!161 K ns F6 
HOAR01J,L, AND w.e,VINCENT, JtAM,CHEM,SOC. 61•2&•9UfJ3QJ k:2 &E F6 
!Bl!'.RStJ,A,, ACTA CA'YST, 9,961<l956J K AS F6 
no,r. ET AL.• ACTA CRYST, 5,209<1952) K2 CAlt- BE- AL2 ~tn 060.Ht o 
KA.TZ,Le ANO H,O,MEGAW• ACTA CRYST. 221639tl96'7) I( NB 0~ 
SlEGEL,s,, ACTA CRYST, 5,693<1952> K2 Tl F6 
VOUSOt!:N,P,, ACTA CRYST, i.,373U99ll K TA 03 
wtLHElllllt,IC., ACTA CHEM.SCANCI, l2,U65<19159) K C1'3 09 
WYCKOFF ,R,w.s., CRYSlAL STRUCTURES 3, C196'S) X AL.3 (0 Hl6 (S 0'12 

LA+3 Vt 



R. D. SHANNON AND C. T. PREWITT 

Table l(b) (cont.) 
S[LLEN,L,G, ANO l<,LUNOBORG, Z,ANORG,ALLGF.'M,CHEM, 25?,2(1G4~l Ll2 J,10 06 
TEMPLETON,O,H, ANO C,H,OAUBEN, J,AM,CHE)4,50C, '76,~237U9'i41 LA2 03 

LA♦3VII 
GUtLLEN,M, ANO E,F.8£RTAUT, COMPT,qEND, _c;FA,A,B 26lB,(1162f1q6t,) LU TI 01!5 

LA+3 VIII 
BRISSE,F, • PH,O, THES[S,DALHOUSIE UNIV, ,HALIF'AX,N,S, f 1 (11~71 Ll2 M2 OT 
SHANNON,R,0, AND C, T ,PRE'llllfTT, TO BE PUBLlSH[O, R V<; A fDYROCHLOIH") 

LA+3 11( 
HUNT,E,e,,JR,, ET AL,, ACTA CRYST, 1,1D61195 .. ) LA2 15 f'l413,9 M2 0 
ZALKINtA, ET AL,, 1NORG,CHEJill, 51U66(196fi1 LA F'3 

LA+3 X 
LONGO,J,M, AND A,W,SLE[GHT, tNORG,CHE:"1, 7,t08(196AI LA"- AEir. 019 

LA+3 XII 
HUNT,E,BttJR,, ET AL,1 ACTA CAYST. 7,1061lql\q.l LA? fS 1'11.i,13,9 M2 0 

Ll+l IV 
8URN'51J 1 H, AND W,R,8USING, INORG,CHEu. 1!,01'510(196'51 RB LI C":i' 
8URNS,J,H, AND W,R,BUSING, INORG,CHE,.,, 11,ol'5101196'51 CS LI C"2 
BURNS,J,H, AND E,k, GORDON, ,t,CTA CRYST, 20tl,'5111J661 L.T~ R~ ~ll 
EANES,E,O, AND H.t.t,ONOIK• ACTA C~YST, 1501280'19621 LI K2 1'3 09,H2 O 
GALY,J, ANO A,HAROY, ACTA CRYST, 19o4321l'IJ6'51 LT V2 05 
KEFFf:'.R,C, ET AL,• INORG,CHE'M, 6,119(1q671 LU P 04 
LARSON,A,C,, ACTA CRYST, Hlt717{196'5J Ll2 S 04,H2 0 
LIEBAU,Fot ACTA CRYST, 14,3e9Cl9611 lt2 St2 05 
LIEBAU,F,, ACTA CRYST, 14, 399(1961) LI Al c;J4 Otn 
MAREZIO•"'•' ACTA CRYST, le,481(196';) LI GA 02 
MAREZIO,"'•' ACTA CRYST, 19,396(196'5) LI AL 02 
MAREZIO,"', AND J,P,RFMEIKA, J,CHE'M,PHYS 1 44,3'5481 l'J66l L.I A 02 
RIEMEIKA,J,P, ANO M,MAREZIO, J,PHY'S,CHEM,SOLIOS 2lu20A'Ulq65l LI 8 02 
SEARS,D,R, AND J,H,BURNS, J,CHE'M,PHYS, 4t,347-.fl964J LT6 BF F&I ZR ~6 
ZACHARUSEN,W,H, AND H,A,PLETTING[Rt ACTA CRYST, 14,229(1961) LU W 04 
ZEMANN,J,, ACTA CRYST, 13,863(19601 l.13 P 04 
ZINTLt[, ET AL,, l,ELEKTROCHEM, 11,Q,5f'61t931f1 Lf:2 0 

Lt+l Vt 
A8RAH015,S,C, ANO J,L,13ERNSTEI"'1, J,PHYS,CHElill,SOLIDS 28,l'i.115(1%7) LI TA 03 
A8RAHAMS1S,C, ANO H,J,WILLUMSo J,CHEM,PHYS, 3912923(196"'1 Lt ClJ CL3,2 H2 0 
ABRAHAM5,s.c, ET AL,, J,PHYS,CHEM,Ci.OLIOS 27,qC'7( 19661 LI P,I~ 03 
ABRAH,t,M5,s.c. ET AL,, J,PHYS,CHEM.SOLIOS 2.!!l,16931196'1') LT TA n:, 
BRUNTON.G,, ACTA CRYST, 21'!111,(19661 LI U ~!S 
BRUNTON.G,, J,JNORG,NUCL.CMEM. 29oHi,:,l(lq671 LT4 U J:'8 
BURNS,J,H,• ACTA CRYST. 15,1098Clq621 LI St:1 F6 
CANNtLLOtF, ET AL,, ACTA CRYST, n,200f1q661 K NA3 J:'E2 Tt2 CSI4 012)2 
GALY, J, ANO A,HARDY, ACTA CRYST, l9,'t-32UCJ651 LI V2 0'5 
GELLER,5. AND J,L,OURU.10, ACTA CRY'ST, 13,32~(19601 l.t lillN P 011 
MAREZIO.M, ANO J,P,REMEIKA, J,PHYS,CHEM,St'.ILIO'S 26,U77(1Q65l LI GA 02 
MAREZIO•M, ANO J,P,AEMElK.lo J,CHFM,PHYS, ct.4,31&+3Clq66J Lt AL 02 
,nclCoFF,R.W,G,, CRYSTAL STRUCTURES 1,119631 LI J:' 

LU♦ 3 Vt 
BARTRAM,S.F,, INORG,CHEM. !S,7 .. 9(19661 LU6 U 012 
TEMPLETON,0,H, ANO C1 H,OAU8EN, J,A .. ,CHEM,SOC. 76,!5237(19~4) LU2 03 

Lu+:, Vtll 
BRlSSEtF 1, PH,O. THEStS,OALHOUStE UNIV, ,HALIF'U:tN,c;, ( l967J LU2 TJ2 07 
EULER•F, ANO J,A.SRUCE, ACTA CRYST, 19,971(19651 LU3 M"'~ 012 
SHANNON,R,0, AND c. T ,PREWITT, TO BF. PUBLTSHF'n, R vi:; A tl'YROCHLORF> 

MG+2 IV 
SMITH,J,V,, AM,MINERALOGIST :,8,643(191531 CA2 MG SI2 07 

MG+2 VI 
BAUR,W,t-1,, ACTA CRYST, 9,515C19561 MG F2 
BAUR,W,H,, ACTA CRYST, 15,ll15119621 FE S 04,4 M;, 0 
BRUNTON,G, ET AL,, ACTA CR",:ST 1 1l1169U95.!!11 CUA MG.!!I CC 03)11 CO H1211,e M2 O 
CALVo,c,, CAN,J.CHEM, 43,1139119651 MG2 P2 07 
CORBRJDGE1D,E,c,, ACTA CRYST, 9,991(19561 MG HP 03,6 1-12 0 
GIBBS,G,V, ET AL,, AM.MJNEFl'ALOGIST, tN PPESS, lillAP t;t Oil 
KI.SPER,J,S, AND J,S.PRENER, ACTA CAY5T. 7,246(1954) MG6 MN oe 
LUUSZE-,JCZ,K,1 BULL,ACAD,POLON,SCI,SF:'R,SCl,CHtM, 11,361(196-,l MG2 AS2 01 
RENTZEPERIS,P,J, ANO C,T.SOLOATOS, ACTA CRYST. l1,6e6(19-;~) MG S Olt 
STEJNFINK1H 0 ANO F,J,SANS, AM,MINERALOGIST 44,67Q(19'Sql CA MG (C 05)2 
SUTOR,D,J,, iCTA CRYST • 23,11,1811967) MG H P 04,3H2 C'I 
TAKEUCHJrY,, ACU CRYST, 5,574(19'52) MG2 82 05 
WYCKOFF,R,W,G,, CRYSTAL STRUCTUREc; 1,(1Q63J MG 0 
WYCKOFF,R,W,Go, CRYSTAL STRUCTURES 2,11964) I( MG F3 
ZACHARUSEN1W,H,, ACTA CRYST, 7,788(1'1J'i11,J MG U 011 
ZEMANN,A.t ANO J.ZEMANN, ACTA CPYST, 10,409(1957) K2 MG' (5 011)3 

MG+2 VU1 
GIBBS•G.V, AND J.v.s~ITH• ,1,M,MJNERAL.oGtST 50,2023Uq6'i1 .. G3 IL2 sn 012 
ZEMANN,A, ANO J,ZEMANN, ACTA CRYST, l1°4,83'5Cl9611 "',;:, Al2 SJ3 012 

MN+2 Vt LS 

MN+2 VI HS 
ABRAHAMS,S,C, ANO J,lol,.REOOY, J,CHEM,PHYS, lf3,2533(196!SJ MN MO Olf 
BAUR,W,H,• ACTA CRYST, 11,riesc195e1 MN F2 
GELLER,S1 AND J,L,OURANO, ACTA CRYC.T, 13,325(19601 LI lillN P O&f 
,ii,ROSE,M,E, ANO D,E,APPLElillAN, Z 1KRIST, U7,16Cl9621 (JIIN,~F) eE (P 0111 (0 Hl 
PEACOR•O,R, AND M,J.eUERGEA, Z,KRIST, 11'71331(191,21 CA MN 512 06 
RENTZEPERIS1P,J., NEUES JAHRB,f,,aJNERAL,MONATCi.Ht 21oc1q,,,, MN s 011 
RENTZEPERIS,P,J,, z.KRIST, 119,U7(lq63J Z'N2 MN (O·HJ2 St OI& 
SCHNEIDER,W., ACTA CRYST, 14,784119611 K2 MN CS Olll2.II H2 n 
SHIRANE1G, ET AL,, J,PHYS,SOC,JAPAM l4tl~52(lq591 MN TT 03 
WYCKOFF,R,W.G,, CRYSTAL STRUCTURES 1,(19631 MN 0 
WYCKOFF1R,W.Gu ·CRYSTAL STRUCTURFS 2, (19641 K ,.N F! 
ZALKJN,A, ET AL,, J,CHEM,PHYS1 37,697(19621 CS MN F3 

MN+2 VJII 
SHANNON,R,D, AND c.T,PREWITT, UNPURLtSHEn OITA. R V'S ... (GU"IET) 

MN+3 V 
ABRAHAMs,s.c. AND J,L,BERNSTEIN, J,CHEM,PHTS, 116,3'76(191,7) DY MN2 05 

'4N+6 JV 
PALENIK,G,J,, INORG,CHEM, 6,507(19671 K2 M"f 04 

MN+7 IV 
~ERRARI,A, ET AL,, ACTA CRYST, 2..1•681(19661 SR (MN Oti.12',3 1-42 0 
JAYAN•A 1 AND A, ENGELBRECHT, PHYS.REV, 96,611,9(19'ill-l MN 03 i:-
MOONEYtR,C,L, • PHYS,REV, 37,1306(19311 K MN 04 
PALENIK,G,J,, INORG,CHEM, 6,503(19671 I( MN 04 
SASYARl1K,, Z,KRIST, 99,9(1931!1 AG MN 04 

MN+7 VJ 

M0+3 Vt 
HEPWORTH,M,A, ET AL,, ACTA CRYST, 10,63(195'71 MO F'3 

M0+4 Vt 
ANSELL,G,B• AND L,KATZ, ACTA CRYST, 21,482(11!1661 ZN2 Ml")3 o,q, 
BRANDT,e,G, .lND A,C.SKAPSKI, ACTA CH[M.SCANO, 21'661(19671 ,ao r,2 
SHANNON,R,D, AND c.T,PREWfTT, TO BE' PUeLISHEn. R3 vs V IRUT!LE') 
WYCKO~F,R,W,G,, CRYSTAL STRUCTURES 2, (19611) BA Mn 03 
WYCKOFF,R,W,G, 1 Ci:tYSTAL STRUCTURES 2, f196ci.) SR MO f.l~ 

M0+5 VI 
EDWARDS,A,J. AND R,O.PEACOCK, J.CH[M,Soc. lfJ61,ll-253 NA '40 C'6 
KtERtc:EGAARO,P, AND M,WESTERLVND, -.cTa CHEM,SCANO, 18,221'71 l96ti.l MO P O'i 

l(0+6 Jv 
-.eRAHA"'S•S,C, • J,CHE,..,PHYS, ff6,205?C1967> lN 1110 011, 
ABRAHAMS,S,C, ANO J,M1 REOOY, J 1 CHl:M,PHYS, 43,253311965) MN MO 04 
ABRAHAMS,S,C, ET AL,, J,CHEIM,PHYS. lft'•2619C1968) CII MO 04 
JBERS,J,A, AND G,W,SJ,,!ITH, ACTA CRYST, 170190(1964) NA C02,3 Mo, 012 
KIHLBORG1L, 1 ARK IV KEMI 21,357(1963) MO f.13 
KIHLBORG•L• t ARKIV KEMl 21•365(1963) MOIi 011 (MONI ,MO'&- Oll (O•RH) 
LECIEJE'WICZ1J,, Z,KRtST, 121,158(1965} PB MO 04 
SELEBORG1M, • ACTA CHEM,SCANO, 20,2195f19t,61 K2 lil03 010 
SELEBORG,M, t ACTA CHEM,SCAND, 2ltlt99(19671 NA2 ti102 07 
SILLEN,L,G, ANO K1LUNOBORG, Z,ANORG,ALLGFM,CHEM, 252,11Jq4;,i L•2 MO 06 

N0+6 V 
EtCK,H,A, AND L,KtHLBORG, ACTA CH'EM,SCANO• 20,16~.!!IC1tJ661 Y2 MO 08 
GATEHOUSE18,M. ANO P,LEVERETT, CHEM,COMM, 1Q611371i, K2 \105 nlO 
SELEBORG1M,, ACTA CHEM,SCAND. 20,2195(19661 K2 M03 010 

M0+6 VJ 
GATEHOUSE,8,M, ANO P,U':V[RETT, CH!M,COMM. 1961,3711 K2 1i1105 010 
KIERKEGAARO,P., ARK[V KEMI 18,!521(19621 MO P2 oe 
KIERKEGAARD,P, t ARKIV KEM! l8•!5!53f19621 NA 1110 02 P 04 
KJERKEGURD,Pot ARKIV KEM[ 19•1C1'163l fMO 0212 P2 Q'? 
KIERKEGURD,P, AND 5,HOLfrolEN, AAKIV KE'MI 23,2131196'51 Al", fl0 P Ob 
KIHLHOAG,L,, AAKIV KE'MI 21,3!57(1963) MO 03 
KlHL80RG1L, t ARKIV KEM! 21,365(1963) MOit 011 (MONJ ,M04 011 (0-ltHI 
KIHLBORG,L, t ARK IV KEMJ 2ltlt27(196111 MO! 011t 
KJHLBORG,L, • ARKIV KEM! 21,lllf3C19611) M018 052 
KIHLBORG,L,, ARKIV KEMI 21,1161C1961t) woe 025 
5ELEBOA&,M,, ACTA CHE"4,SCANO, 20,219!5(19661 K2 11103 010 
SMtTH,G,W, ANO J,A,IBEAS, ACTil CRYST 1 19,269f196!5) CO wo Olt 

N0+6 VJI 
KIHl..80AG,L,, ARK IV KEN? 21•'127(196111 M05 0111 

N +3 VI 

N +5 III 
CHIERJN,P, ET AL,t ACTA CRYST, 23,455(1967) NANO! 

N +5 VJ 

NA+1 IV 
COR!RIDGEtD,E,C, 1 ACTA CAYST, U,2!63(1960) 
WUNDERLJCH,J,A,, ACTA CRYST, 10,1162(1'157) 
WYCKoFF',R,W,a,·, CRYSTAL STRUCTURES 1, (1963) 

NA+1 Y 

NA!5 P3 010 
NA 0 HeH2 0 

NA2 0 

HENILY,P,W,, ACTA CRYST, 10,37(195111 NA O H,11 H2 O 
URSl!:N,F.K, ET AL,, ACTA CHEM,SCAPfO, 21,1281(1967) NA3 SNci. GE10 030 ro Hl4 
MCDONALo,w,s. AND O,W,J.CRUICKSHANIC, ACTA CRYST, 22,37(1q67) NA2 51 03 
ONDIK,H,M,, ACTA CRYST, U,226(1965) NA3 P3 09 
ONDIK,H,M,, ACTA CRYST, 18,226(19651 NU P:,. 09,H2 0 
PANT,A,Ke AND O,W,J,CRUICKSHANK, ACTA CATST, 8211,13Cl968l NA2 ~12 05 
ROMEAS,C, ET AL,, ACTA CRY5T • 22,766(1967> NA3 F!'! 09 

NA+l Vt 
BURNS, J,H,, INORl,CH!:M, 11,881<196!5) NA NO FIi 
CORBRID&EoD,E,C,, ACTA CRYST, l3,263(11J61!U NA!5 P! 010 
CROMEA,O,T, ET AL 1 , ACTA CRYST, 22•182(1061> NA AL (5 Olll2,12 H2 0 
CRUICKSHANll10,W,J,, ACTA CRYST, 17t6'72C1961f) NU P2 01.10 H2 0 
OYEA,L,O, ET AL,, J,.IM,CHEM.soc. 76t11199{1951f1 NAN! 0? 
8IESE,R 1 F,,JR,, SCIENCE 1!511,llf!3fl966> NA2 Blf 06 fO H)~.3 M2 0 
l(J[RKE&URO,P,, ARK IV K[MI le,553f19621 NA MO 02' P 014, 
MCOONALO,R,R, ET AL,, ACTA CRYST, 17,11D&fU961f) NA 15N2 F'5 
ONOIK•H,M, ET AL,, ACTA CRYST, llf,5!55(1961> NU Pit 012,11 Ht O 
SHARMA,e,D,, ACTA CRYST, u,a1e<196!51 NA H C 03 
WEISS,R, ET AL,, ACTA CRYST, 20,53cu1•661 NA3 H Tl ~e 
WYCKOFF,R,W,G,, CRYSTAL STRUCTURES 1,(1963) NA F 
ZACHARUSEN,W,H,t ACT.I CRYST, 2,390(19119) NA TH2 ~9 
ZACHARIASEN1W,H,, ACTA CRTST. 2,391Hl91f9J N_,2 TH Ff> 
ZALKINtA, ET AL,, ACTA CRTST. 17,111D8<196lt) NA2 St F6 

NA+1 VJI 
ANDERSSON1S, AND &.D.'IIADSLEY, ACTA CRYST, U,12115U961l NA2 T15 07 
CANNJLL01F, ET AL,, ACTA CRTST, 21,200U966> K NA3 FE2 TI2 IS?lf 01''12 
FANG1S,M,, Z,KRIST. CJ9A,lf1938) NA 8 02 
l(JERK~6AARD,P1, ARKIV KEM? le,!5!53(19621 NA 'II 02 P OIi 
KOKKOROS•P•• Z.KRtST, 99A,38<1939) NA AL F AS 0 .. 
NAREZID,M, ET AL., ACTA CAYST, 16,5911(1963) NA 8 Ott 
RA.0•8,RAMA, ACTA CRYST, 1'1,738(1961> NA2 CU (S 01t12,2 H2 

HA+l Vtll 
NCOONAL01R,R, E:T AL,, ACTA CRTST, 17,110lt(1'61t) NA '5N2 F~ 
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YAKEL,H,L, ET AL,, ACTA CRYST, 16,9'57(19631 T 10J 03 MENZER,&,, Z.KRIST, 75,265(1930) NA3 L13 AL2 F12 
RUMANOVA,t,M., G.F.VOLOOINA, DOl<L.UAO,NAUK SISSR 123,7!11958) NA CU2 DH fS o"i2.1-1:, 

MN+:5 Vt LS 
BLASSE,G,, J.INORG,NUCL,CHEM, 27,748(11165) 
SHANNON,R.0, ANO· C,TePREWJTT1 TO A~ PUBLtSHE□, R~ VS V (K5 Ml1J IC 111161 

WElSS,R, ET AL,, ACTA CAYST, 20,534(1966) NA3 H Tl Fe, 
ZACHARIASEN,w,H,t Z,KRIST, 7:,A,1111U930) NA CL 011 

MN+3 YI HS 
COLLtN,R,L• ANO W.N.LIPSCOMB, ACTA CRTST, 2,1011,(19491 1--1 "'N 02 

N,l+l U 
ANDERSSON,S, AND A.0,WAOSLEY, ACTA CPYST, U,12,.!<19611 NA2' TH 07 

OACHS,H,t Z,KRIST, 118,30311'963) MN OOH 
FERT,A,, BULL,SOC.FRANC,MINERAL,CRIST, 8'5,267(19621 MN? 05 

N8+2 Yt 
ANDERSSON,O, ANO A.MAON!LI• ACTA CHEM.SCAND, ll.!0651195'11 NB 0 

HASE,W, ET AL,, Z,KRIST, 12",428<1q67) MN2 03 
tfEPWORTH,111,A, AND K,H,JACK, ACTA CRYST• 10,31f5(1q57) MN F'3 
NORRESTAM,R,, ACTA CHE,.,SCANO, 21'2871(1967J JlltJ2 03 
ROTH,R,S,, S,J,SCHNEJDER, J,RES,NATL,AUR,ST□• 6U,30q(19601 R3 VS V (MN2 0,1 
SHANNON,R,O., tNORG.CHEM, 6, 1474(1967) R3 VS V {P!'ROVSK1TEI 
SHANNON,R,0, AND C,T,PREWITT, TO BE PUBLISHED, R VS A CMN2 031 

NB+3 VI 
HEl''IIOATHtM,A, ET AL,, ACTA CRYST. 10,6311957) Nf\ F5 

Ne•" vr 
MARIND!:R18,, ARKIY K[MI 19,1135(1962) NB 02 
SHANNON,R,D. ANO c.T,PR[WITT, TO 8[ PUBL1S~o. R3 yt; V IRUTTLEI 

MN+4 Vt 
ABRAHAMS1S,C, ANO J,L.BERNSTEIN1 J,CHEM.PHTS, &16•3776(196'71 OY MN2 05 
80DE,H, AND W,WENOT• Z,ANORG 0 ALLGEM,CHEM, 269,16'5{19~2) RB2 MN F6 
KASPER,J,S, ANO J,S.PREN~R, ACTA CRYST, 7,2116(19'511} MG6 MN 08 
SHANNON~R,O. AND C,T,PREWITT, TO BE PUBL!SMFZD, 113 VS V (RUTILE'I 
WADSLEY,A,D,, ACTA CRYST, 81165(1955) ZN "'lN3 07.3 M'. 0 

NB+5 IV 
BlT[HOUsE,B.M, ANO A,D,WAOSLEY, ACTA CRYST, 17,1545(19641 NR2 05 

NB•5 VI 
ABRAHAMs,s.c. ET AL,, J,PHYS,CH[M.'S0L10S 27t99711~661 l1 NA 03 
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Table l(b) (cont.) 

AN0ERSS0N,S., ACTA CHEM.SCA.NO. 1e,2l3t(1t6lll Nf33 07 F 
B00EoH. AND Ho DOKREN, ACTA CRYST. 11•8CU95AI K N0 F'6 
GITEHOUSE,B 0 N, ANO A,D,WADSLEY, ACTA CRYST, t7,15at5(l9frl.J NB2 05 
KlTZ,L, AND H,D, MEGAW, ACTA CRYST, 22,63909671 K NB n3 
MOROSIN,8, AND A,R05£NZWE:lG, ACTA CRYST • te,&'71tl l9651 I;.,\ Nq 04 
PEDERSEN,B,F,, ACTA CHEM,SCUlO, H,,lf21t1'62J AL NP 011, 
SltAPSKl,A,C, ANO ['I.ROG~R'St CHJ;:14,CO"'M, '19651611 SB NB <'4 
SLEI&HT,A,W,, TO BE PUBLISµEO, HG2 N82 0'7 

N8♦ !5 VIJ 
BROWN,1,f,4, ANO L,A,WALKER, ACTA CR"l"ST, 20•220119661 1(2 NR ~7 
HOUD,J,L,, J,AM,CHEM.1.iOC. 61,us2:t1~39) K2 NB ~7 

NO•:! VI 
TE"1PLETOH,0,H, AND C,H,D.,UBEN, J,AM.,C14M,SOC, 76,5237(1.9'-11-J ND2 03 

N0•3 VIJJ 
'4ILLJGAN,W,0, AND L,W,VERNON, J,PHYS,CHEW, 56,h5tll'.IS21 N!l V oi. 
SHANNDN,R.D. ANO c.T. PREW!TT, TO BE PIJRLtSHro. q v~ A (PYR('ICHL0A[) 

N0•3 IX 
BURNS•J.H,, INORG.CHEM. -.,ee1(196SI NA NO FQ 

NI•2 VI 
!ILZ•D• ANO K.PLIETH, Z.ELEKTROCHE"4. 5915,.51 l9SSI Ki? N't Filo 
BAUR,W.H., ACTA CRYST. 11,uet19581 NI F'2 
BlLL.Y•C• A"IO H,Jlo!oHAENOLER, J.AM.CHE"l."50Co 79,l0-.9Clq57J NI F2 
o 'YER,L.o. ET AL,, J.A~.CHEM.soc. "76•1,.99(19541 NA NI O" 
UEL.lNG,R.O.,JR., ACTA CRYST. 10,209119511 NI W 011. 
LANDER,J,J,, ACTA CRYST, &f,1"!(1951) BA NI 02 
o•CONNOR,B,H. ANO D,H.OALE, ACTA CRYST. 21JT05(lq66) NT S nlf.6 H? O 
SCHNERING1H,G 0 , Z,ANORG,ALLGEM,CHE"4, 353113119671 ~A2 NI F6 
SHIRANE,G, ET AL,, J,PHYS,SOC,JAPAN l~oUS2fl9591 NI TT 03 
VAN NIEl<ERK,J,N,• F .. R.SCHOENIN6, ACTA CRY~T. 6,609(1953) NI<c: H3 C O 0)2,&f H2 0 
wYCl<OF'F',R,V,G., CRYSTilL STRUCTURES l, 1196:51 NI 0 
VYCKOF'F,R 0 V0 Gu CRYSTAL STFtUCTURES 2, 119611,I I( NI F:! 

NJ+3 VI L.S 
BL.ASSE,G,, J ,INORG,NUCL,CHEIII, 2't,'T&l&C196'51 K:, Nt F6 
SHANNON,R.D., ?NORG.CHEM, 6,U"7"1106TI R:, \Iii I/ (PEROVSKITn 

NJ+3 VI HS 
BL.\SSE,G., J, TNORG.NUCL,CH£M, 2'7,Tk&I 1965) 

HP+2 VI 
"TCKOFF,R.11.Go, CRYSTAL STRUCTURES 1,1196!} NP 0 

NP+3 VI 
SHANNON,R,O, ANO C 0 T 0 PREWITT, TO AE PUSL?SHEO. R' V!I. V IU F'31 

NP• .. Vltt 
SMANNON,R.o. ANO C,T,PREWITT, TO e!: PUSLISHEO, R vs A (FLl.k,RITE'J 
lllYCKOFF,R,W,&,, CRYSTAL STRUCTURES 1,(U63l NP 02 

NP•7 \II 

0 •2 It 

0 ·2 Ill 

O -2 IV 

0 ·2 VI 

0 ·2 VIII 

OS•i. VI 
SHANNON,R,D, ANO C,T,PREWITT, TO B[ PU!LtSHEO, R3 V~ V fRUTILE) 

P +3 VI 

P +5 JV 
CRUlCKSHA,Hl(,o,v.J., ACTA CAYST. 11,61lt1%4I NAP 03 NH! 
CRUJCKSHANK,D,".J., ACTA CRY'sT. n,612t1%4'1 NA'lo P2 07.10 M2 0 
CRUJCKSHANK,o,w.J., .\CTA CRYsT. 11,6T.U9641 NA5 P3 01n 
CIII.UICICSHAHK,D,v,J., ACTA ,CRYsT. 11,615(1Q64I (N H414 P4 012 
CRUJCKSHANK,o,w.J., ACTA CRYsT. 1"7,679(196Q.1 P2 05 
CRUJCKSHANl(,o,w,J., ACTA CRYsT. 17,681U96Q.J Rf' P o:, 
HML!o!ANN,M, AND s.GHOSE, J,CHEM.PHYS. ,.1,l91CH196Q.I cu~ P 04 (0 H)~ 
GELLER,5, AHO J,L.DURA.ND, ACTA CRVST, 13,325119601 LI ._.NP 04 
JARCHOW,0 0 H,, ACTA CRYST, 17,1253(19&Q.l Nl2 H2 PQ. 012 
KEFFER,C, ET AL,, INORG,CHEM. ful19(1967) LU P OQ. 
KtERKEGAARO,P,, ,\RKIV KEMI, 18,521(1'61) MO P2 08 
KlERKE:;GAARO,p,, .\RKIV KEM?, 18,553(1061) NA MO 02 P 04 
KIERKEGAARD,Po AND S,HOLMEN, ARKtV K(Mt 23, 2 13(19651 All MO P 06 
KIERKEliAARD,Po AND M,WESTERLUNO, ACTA CHE'M.SUND, U'h2217(1964l NO P 0~ 
KRSTANOVIC,J,t Z,l<RIST, l21,3l5(U65) 'f P 016 
PAUL.ING,L, AND Jo SHERMAN, Z,KRIST • 9611J81 (19371 AL P3 l")Q 
SCHWARZENBACH•D•, Z,KRIST, 12!, 161 (lq66) AL P Ok 
WEB8,N,C,, ACT.\ CRTST, 21,4,.i?(1t66) CA~ P2 07 
Zl!:"4ANN,J., ACTA CRYST, 13,863(1960) LI3 P 011, 

p •5 I/I 

P.t,+3 YI 

PA+q VI 

PA+" VIII 
WYCkOFF,R 0 V,G,, CRYSTAiL STRUCTURES 1, t1963I PA 02 

PA+S VI 

PA+S JX 
BROWN•D• ET AL., J.CHEM,SOC. 196'1A,11629 1<2 PA F7 

P9+2 IVPY 
l!!IDUCHER,M,L, AND D,R,PEACOR, Z,KRIST, U6191!!1(1968) PB i;t 03 
BYSTROf,l,A, AND L,EVERS, .\CTA CHE14,SC,\NO, lh6l3(19,0l A~2 Pl! 02 
UY,M,I,, ACTA CRYST, 111,150(1961) PB 0 

PB+Z VJ 
MAGNELI,,\,, AAKI\I l([Ml, MINEAAL.GEOL, 15A, 3{191621 PB '5B? r,6 
MOLLER,c ·,K., Ai.CTA CHEM,SCANO, 8,&11195 .. 1 PS CN Hlfli? {5 014,)2 
WYCl<OFF,R,'lf,Go, CRYSTAL STRUCTURES 2, I lQMI C5 P" F3 

P8+2 VJIJ 
FJ~Y,J,J., AM.MINERA.1.0GIST •&,111'¾,SI PB 11:[Z (,\S Olf)l (0 Hl2 
LECIE.Jf:VICZ,J., Z.KRIST. nt,l~lt9651 PA 1110 oi. 
KAY, ... 1., ACTA CRTST. 1-..eo , 1961) P8 0 
QUARENI,S, .\NO 11.0EPIERI, ACTA CRY~T, lit,217(19651 PB CA: 04' 
WYCKQF,-,R, V,G, 1 CRYSTAL STfUJCTURE'S l, ( 1963) PB Fi? 

Pe•2 IX 
c~ev,1111.v. AND L,.J.B,LACOSTE, Z,l<RIST, 8'+1i?9q(1932) PB C 05 

P8+2 XI 
tf,\R,\Y-SZABO,I, ANO 6 1 AR6AY1 ACTA CHlMo.lCAO,SCt.HUN!S. •o,::,e311964l PB CA Olf 

PB+2 XII 
MAMlLTON•'lll•C•• ACTA CRYST. l0,103(19~'1 Pl!I CN 031! 
SAHL,K., l!!IEITA:,MlNERAL,PF.TRO&. 9, 111(\11163) Pe S oq. 

PB+C. YI . 
BYSTROM,A,, ARKIV KE,.l,MINERAL,GtOL. 25A113f191j.TJ PB 0~ 
SH.\NHON,R,D, AND c.T,;PREWITT, TO 9£ PU9L.15HEO. R3 V'!i V <RUTtLE) 
SHANHON,RoD• J!NO C,T,PREWITT, TO Bt PV8LT5HEO. RVS.\ (PYRC'ICHLOREJ 
WYCKOFF',R,V,G., CRYSTAL STRUCTt,tq:tS 2, (l9fii'J BA PB 03 

\ 
P9+r,. YUt 

SHANNON,R,D. AND c.T.P .. EWITT, TO BF. PU!U:SH~o. A VS,. fFLUOFl'ITE) 

PD•l It 
ROGE'RS,O,!h •No A,O.SHANNON, FALL .\,C,S. NTG.,i\TLANT!C CTTYflll68) PD CO 02 

P0+2 [VSQ 
'IIIA~,J, ET AL,, lCH CR'l'ST, 6,661(1"531 PO 0 

Po+2 YI 
BARTLETT,No AND R0 .iAtTLANO, ACTA C'IYST, ll,7q7(195111 pn F2 

Po+3 YI 
HEPWoRTH, .. ,A. ET AL., ACTA CRYST. 10,6511'957) PO F:, 

Po+-. YI 
SLEIGHT,A,W,t TO BE PUBLI5H!:O. R VS A (PYROCMLORE') 

PQ+4 VIII 
SHANNON,R.D • .\NO c.T.PREWlTT, TO BE PUBLISHF.o. RVS A lF'LUORITE) 

P0♦6 YI 

PR♦3 VI 
FERT,.\,, BUL.L,SOC,FRANC.MINERAL CRtST. 85,267<1962) PR;, 05 
TEMPLETQN,0,H, ANO C,M 0 DAU8EN1 J,lM,CHEM.SOC, T615237(19Si4J PR2 05 

FIR+:, VIII 
SHANNDN,R,0, ANO C,T 0 PREWtTT1 TO BE PU!!ILISl-'E'O. RVS A (PY~OCHL<mEI 

PR+&t YI 
WYCKOFF • .11.w.&., CRYSTAL STRUCTURES 2. <l961l) BA PR 03 

PR+-. VIII 
WYCKOFF,R.W,6,, CRYSTAL STRUCTURFS 1, (1963) PR 02 

Ph2 VI 

fl'T+II VI 
l!!JORLJNs,C,O., ARKIV KE!.U,"'1!NERAL,GEOL. 151!!•2119421 K2 PT (0 H)6 
HOEl(STRA•H,R, ANO s.sIEGEL• tNORG,CHEM. 7tll6lf19681 TL.2 PT2 07 
MELLOR,o,P, ANO N.C.STEPHENSON, AU~TR,J.RES, "Alf.06U9Sll K2 PT F6 
SHANNON,R,0,, SOLID STATE CO..iM. IN PRESS. R5 VS V (PT r'l2) 

Pu+5 YI 
SHANNON,R.O, ANO C.T,PAEWITT, TO B£ PUBLISHF.'O, R~ VS V CLA F:51 

Pv+4 VI 
VYCl'tOFF',R,'11,Go, CRYST>,L. STRUCTURES 2, [1964) BA PU 03 

PU+c. Vilt 
WYCKoFF,R.W.G., CRYSTAL STRUCTURES 1,[196,I PU 02 

RA+2 VI 

R8+1 V[ 
HQPPE,A, ANO H. SA8ROVSICY, l.,\NORll 1 ALLGEM,CHEM, l3'9,1U(1Q6S1 RA SC 02 
PLYUKHIN , V,V . AND N,V,BELOV, SOVIET PMYS , -CRYST.· 6•68'3(1%21 RB M·~ F5 
VTCKOFF,A,-.,G., CRYSTAL STRUCTUR£S 1, <1963> RB F 

RB+l VII 
COA8Rl0GE,O.E.C,, ACTA CIIIYST, 91508119'561 AB P 05 
CRUICKSHANK,o.-..J,, ACTA CRYST4 1Tt6Al(l'9M) (RR P 05) 

R8+1 Vitt 
ANOERSSON,S, ANO A,0,WAOSLEY, ACTA CRY'5T. 15119"(11162) RB2 Tt6 013 
8URNS,J,H. AND 11,R.BUSING, tNOAG.CMEw. 4,15lDC1965l RB LI F2 
CRUlCKSHANK,o,w.J., ACTA CRYST. 1T,6Al(l96 .. , (RS P 051 

Re+l Xtl 
ELLINGER1FoH, ANO W,H,ZACHAAIASEN, J.PHYS.CHE14. '58,160!i0q'5-.> A8 AM 02 C 05 
HOARo,J.L. ANO v.eLAJR, J.AM,CHt,.,soe. 51,n115U9551 Rq 8 F" 

RE+, VI 
SH.\NNON, ~ND C,T.PREWITT• TO BE PUBL.%SHEO. R3 VS V (RlJTtl'E) 

RE+S YI 
DONOHVE,P,C. n AL,, l~G.CHEM. 4,1152(1965) cn2 RE2 OT 

RE+6 VI 
VJCKOF'F,R.W.G., CRYSTAL STRUCTURES 2, {1961fl RE 03 

R(:+T IV 
l<REBS•8• ET AL,, CHEM.COlltM, tl968li?63 "f'Z 07 
filORROWtJ,C., ACTA CRYST, ' l3•1t•3CM6D) K RE (I .. 

RE+1 VJ 
KREes,e. ET AL.,, CHEM,CONM, (19681265 RE2 07 

RM•3 YI 
HEPWORTH,M.A. ET AL,, ACTA CRYST. 10,63(195'11 f:IH F3 
SH.\NNON, ... o., I~G,CHEM, 61147'(1'61) R3 \IS V (PEAOVSKlTEI 
SHANNON,R.D. AND c.T.PRElllITT, TO 15F. PUBUSt-4ED, R:!i VS V (COFl'UNO'-"'ll 

RM+" Vt 
SM.\NNON, ANO C.T,PREWITT, TO BE PUBLISHED, R! VS V tRH 021 

RU+l VI 
HEPWORTH•M•A• ET AL1t ACTA CRVST, 10,6511951J RU F5 
SHANNON,R1D1 AND C.T,F'REWITT, TO BE PUBLISHED. R5 VS V IPEROV'5KITEJ 

AU+lf Vl 
COTTON,F,A, AND J.T,JOGUE, lNORG,C:H!~, 5,517(19651 ~U 02 
OONOHut,P,C, ET AL,t INORG,CHEM, 1ul06tl't6S) 8l RU 05 . 
SHANNON,R.D. At-10 c.T,PREWITT, TO l\E PU8LlSHEo, R v~ A (F'YROCHLORESI 
~MANNON,R.O. AND c.T . PREWtTT. TO 8E PUBLISHEo. A3 vs V (RUTtLE) 

S •2 VI 

5 ♦Q. VI 

S +6 IV 
!!ALIR,W.H,t ACTA CR'l'ST, 17,865flt611,l 111:G S 016•• H2 0 
8AUR,W,M,t •CTA CRYST. 17,ll61(196Ci) MG S Oli,T H2 0 
8AUR,WoH•• •cTA CR'l'ST1 17,1361(1t64) FE S 0,,7 H2 0 
CROMER,D,T, ET .L., ACTA CRYST. 21,3g5(19661 cs AL rs ns.)2,12 H2 0 
GRAE8ER,E.J. ET -'L•• .\M,MlNERAL.051ST S0,192Q(19651 J( F~ fS 0412 
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Table l(b) (cont.) 

GRAEBER,!:.J. ET AL,, AM."llNERALOG?CiT 50,1929fl961j) MG IN H412 (5 0Ca12,6 H2 0 
HOHNE•E., SOVIET PHYS ... CRYST, 7,5!5q(t96:5) CA 5 OIi 
KO:CKOROS,P.A, ANO P.J.RENTlEPERIS, Z 0 l<RJST, 119,2311(1q631 MG 5 04 
URSON,a.c., ACTA CRYST. Uh7J7<1465) LJ2 5 Qit.H2 O 
o•CONNOR,e.H. ANO O.H.DALE• ACTA CRY5T. :,i,70511966) NI ~ QCl.6 H2 f) 
RE"ITZEPERIS,P,J,, Z 0 KRIST, ll7,11~1C1q621 CiN 5 Oil 
SAHL,K., 8ElTR,MlNER•L,PEfROGo 9,111119631 BA S 04 
SAHL,K,, BEITR.MlNERAL,PETROG, 9,1111196,>. os S Oil 
ZALKIN,Ao ET AL. , ACTA CR'l'ST. 15•12191196?1 COS OCl,6 M? fl 

S +6 VI 

58+5 IVPY 
8YSTAOM,A, ANO KoWJLHELMl, •RKJV KEMI 3,313(1'~551 cc; s1:t, S:-7 
A.OGERS,D, ANO A.C.SM:APSKI, PROC,CHE'M 0 t;OCo 12o40011q641 o:;92 Oft. 
SUPSKl,A,C, ANO O,ROGERS, CHE)4 0 C01.11ri11. (196S)611 M ~B f'lll 

se+:, v 
8YSTR°""•"-· ET AL., A.Rl(IV KfMJ .. i11sr1Q52) IC S8 r .. 
eTSTROM1A. ET AL., APKIV l([MI 6,77119,:51 HA SB~-

58•3 VJ 

se•5 vr 
.IUR]VlLLiuS,e •• ARKIV KEMI 3,l!5311Q5}1 er si:t 016 
AURJVILLIUS,B,, ARK IV KEMt 25,!50!5(19661 K3 fiB5 0111 
BOOE,H, ANO E,VOSS, Z,ANORG,.t.LLGEJill.CHEM, 2611-,U16(19S1) IC SR F'6 
BURNS,J,M,, ACTA. CAYST, 15,109B(1Q62) Lt SR F6 
BTSTRO)tl,,., ET AL,, i\AKJV kFMJ,MINERAL,GEOL, t5e,ntJ91i-21 Z"'I s02 06 
MA6NEL!,,.,, ARKIV l(Etd,illlltNERAL,G[OL, 1!581U(1Qll2l P8 SCl2 06 
ROGERS,o. AHO A.C,SOPSkt, PROC,CME'M,SOC, 12,'ICO flQ61i-l E'I <;82 011 
SCHRE'wEL!US,N,, AAKIV l<EMJ,MtNERAL,GEOL, 16B,n(lfl'l51 TL t;R F6 
'SPIEGELBERG,P,, .t.RKIV KE .. l,MINERAL,G£0L, 141i,N~(lQ'IOI IC SFI 03 
TEUFER,G,, ACTA CRYST, 9,53qC19S6l NA 159 ~6 
ZEJU,NN1J,1 NEVES JAMRB,MtNEA,.L,MCINAT5M, 61,(tq,91 NA. SQ (0 H)6 

SC•3 VI 
ABRi\HAMS,s.c. ANO J,L,BERNSTEIN, J,CHEM,PHYC,, 415,27ftllj(J9M,) SC2' IW Oft13 
CRUICICSHANK,O,W,J,, ACTA CRTST. t'S,&iqi1(1962) SC2 St? Q'? 
GELLER•S• ET -"L•• Z,tr:RIST. 12,,1'6Uq67J ~C2 o, 
HOPP[,A. ANO H,SABROWSKY, Z,ANORG.ALLGEM,CHFM. 33q,1111111t16~l K SC 02 
MOPPE•R• ET AL,, Z,ANORG.ALLGEM,CHEM. 331h130ll96«i1 LI ~C 02 
HORYN•R, • l(,LUKASZEWICZ, BULL.ACAO.PoL.SCI • 11:,ER.'iiC? ,CHI""· 1'1,li-9QI( U661 c• SC2' 01& 
.,JACIC1k,H, AND V,GUTMANN, ACTA CRYST, &i,2116IIQl1511 SC F3 
MlLLIGAN•-•0, ANO .J,L.MCATE£, J,PHYS.CH[M. 60,27!(19'i6) SC OOH 
IIIULL~R-BUSCHBA._,...,H., H.G.SCHN£RING, Z,ANORG,ALLGE'.1111,CHE'M, 336,2'9'5C196'i) CA 5(2 0'6-
NOWA.CKI,N,• l,KRtST• 101,273flQl341 SC S:-3 
ROTH;R.s. ANO S,J,SCHNEIOER, J,R[S.N.t,TL,AUR,STO, 61U,309(1Ql60) R3 v~ V IMN2 03) 
SCKIJBEAT,I(. ANO A,SEITl• Z,ANORG.lLLGs:'M,CHEM, 25ru2261194ftl SC co H)! 
SHANNON,A,O,, !NORG.CHEM. 6,t,.7"f1Q6Tt R3 YS V f ... N2 03J 

SC♦ 3 Vtll 
fll!OONE:Y,R.CtL,• ACTA CRYST• 9,6'77C1956) SCP 011 
141LLIGi\N,w,o. AND L,W,VERNON, J,PHYS,CH(M, 56•1'511952'1 SC V Olf 
SHANNON,A.O, ANO C,T,PR[WfTT, TO 8f' s>Uel.lSMEO. A ye; A IPYROCHLOAE> 

SE•6 lV 
F"UESS,H, ANO G.Wll.L• Z,ANORG,ALLG!:M,CHEM. 35e, l25C 19681 Iii SE 011 
NARAY-SZABO,t, ANO G,UIGAY, ACTA ClotIM.ACAD.~Cl,HUNt;, 39,"'5'1963) NA2 SE Off 

5£+6 VI 

St ♦- IV 
ABRAHA~s,s,c. ANO S,GELLER, ACTA CFIY~T. 11,li-37(19581 GROSSULARITE 
BROWN,8.E. ANO s.w.BAILEY, ACTA CRTST, 17113Ql(1q6"> I( AL '513 08 
8URNHAM,C,w •• z.l(RIST. 118,337(1Ql63) AL2 SI 05 
CRUICl(SHANK,o,w.J., ACTA CRYST • l1,695(1Ql61t1 St•O 
G(Bes,G.v. ANO J.V.SPillJTH, AM,MINERALOGJST 5n,2023(19611!i) WG:,, AL2 sn 012 
GLASSER,L.S.O, ANO F,P,GL.l'5SER, ACTA CRYST, 1A,"~:,ttq6'5) SA5 SI 05 
LIEBAU,F,, ACTA CAYST. 11.l,!595(1961) N.l2 '512 05 
UEBAU,F,, ACTA CRTST, 1'4,31JQC196t I LI AL liU 01D 
MRCSE,M,E. ANO O,F,APP\.EMA~h Z,KAlST. ll1116(lt;62'l AL A( SJ O&t OH 
PEACOR,D.Ro AND IM,J,BIJERGER, Z,KAJST, 117t3i!51(196?.) CA MN <;U 06 
PAANOL,w., Z,KRIST, 123,81(1966) AL2 CA3 (c;I 010:, 
RENTZEP£R1S,P,J., Z,KRJST, 119,l!'T(tQl63) ZN2 MN 10 1-112 sr O" 
S'41TH,O.K. ET AL,, ACTA CFIYST, 18,T87ll965) CA2 SI 011 
SMITH,J,v. ANO s.w.BAtLEV. ACTA CRYST. 16,101(19631 St-o 
WILLJAMS,P.P. AND H,0,MEGAW, ACTA CRYST. 17,e82U96&tl ALBITES 
ZEMANN•A• ANO J.ZE .. ANN, ACTA CRYST, 1£11835(19611 MG' AU! 5?3 012 

St•i,. VJ 
0EAOM0RE,O,L. AHO W,F',BRl.0L£Y, ACT'I Cl'1ST, 15,186(1962) te:,, St FT 
HAMILTON,w.c., ACTA CRYST, 151553(1962) Fr c;1 F"6,6 H2 t) 

HOARO,J,L., AND N,B.•tLLIAMS, J,AM,C:HEN.SOC, 6i.,633fl4;1'121 (N H"J5 SJ F7 
STANKO,J.A, ANO t,C,PAUL• INORG,CHEM, &,48611q671 (CO IN H'.5)5 CU c;J F6 
STISHOV,S,M, ANO N,V,BELOV, QOICL,AOO,NAUK Sil.SR ltt3,9!51(1Q62J SI 02 
VAINSHTEIN,B,k. ANO M,N.SfASOVA• SOVJET PHTc;.-CRYST, t,2fl1(JQ~6J fN Hftll SJ F6 
ZALKIN•A, ET AL,, ACTA CA:YST, 17,1CICIA'196"1 NA2 SI F'6 

SN•! Vt 
TE"1PLETON,0,H, ANO C,H,DAU8EN• J,AIII.CHEN.SOC, 76,523'?(1Qlli1t,J '5M2 03 

SM+:, VU J 
8RlSSE,F' • 1 PH,O. Tt-lESJS,OALHOUSJE UNIV• ,HALtF'U.N,<i. C1967J SM2 M2 0'? 
E'ULER•F, ANO J,A.8RUCE, ACTA CAYST, 1Q1,q7tf1q65J SM~ F'l"2 F[5 012 
SHANNON,R,D. AND C,T,PR£•tTT, TO BE PU9LfSMED, R V'S A (PYRQCHLORE1 

SN•2 Vt 

SN+2 VIII 
8RISSE•F',, PH,0, THEStS,OALHDUSIE UNIV, ,M,.LJFAX,N,S. I lQl671 ~N2 M2 07 

SN+,. Vt 
BAUR,W,M,, ACTA CRYST, 9,51511956) 'iN 02 
ORISSE,F,, PH.O,TMEStS,OjLHOUSI[' UNl\l.,HALJF'AX,N.S,(1q671 1112 SN2 07 
HOPP(,A, ANO w,OAHNE, NATURwrss. ftQ,2511(19&2, St.I Fi. 
LARS[N,F,K• ET AL,, ACTA CH£W,SCAND. 21,1281119671 NAS SNlt 6E10 O!O (0 HJ" 
WYCKOFF',R,W.6,1 CRYSTAL snucTUR[S 2,(1961it) N ~ o:, 

SR+2 Vt 
9ARTL,H, ANO '11,SCHUCKNANN, NEUES JAHRB,M[N£RAL,M0NUSH, 1966,253 5R2 A2 OS 
GLASSER,L,S,O, ANO F-",P, GLASSER, AtTA CRYST, U,1t'53<1965) 5A5 St 0'5 
AIETVE'L01H,Jl4,, ACTA CRYST, 20•508'19661 SR3 U 06 
WYCKOF'F,R,W.G,, CRYSTAL STRUCTURES 1, 11963) SR 0 

SA•2 VII 
9ARTL,H, ANO W,SCHUCKJll.t.NN, NEUES JAHA9,NfNERAL,J40NAT,;H, 1Q66,253 SR2 A2 OS 
SCHNERfNG,H,G, ANO R,HoPPE• Z,AHCIRG,ALLGEM,CH[I(• 3!2,87(14611 SA lN 02 

SF1 ♦ 2 Vtll 
8ARNIGHAUSEN,H, AND J,WEIDLEJN, ACTA C:AYST, 22,252(191671 SR CO H12,H2 0 
SMITH,H,G,, ACTA C:RYST, 6,601t,l19531 SA (O Hl2,8 H2 0 
VANNEROERG•N•i A.RKIV KEM! 11it,17U9,CJ1 SR 02.8 ~ 0 
WILHELIMI1K,A., ARKIV KE'JiCI 26,lft9(lq67J Sit CR2 07 
VILHELNt,K,A., AAl(tV KEJiCJ 26,l57CU67) SR2 CR 01\ 
WYCKOFF',R,V,G,, CATSTAL STRUCTURE'S 1, (1'631 SR f:"2 

SR+2 X 
CLARK,J,R, • AM,MJNERALOGIST ft9, 151191 J961l-l 
F'ERRARl,A, ET AL,, ACTA CRYST, 2b6BJ(1966J 
ZACHai:>USEN,W,H,t ACTA CRYST, 1,2631191181 

SR+2 xr I 

s~ B6 o9 to M12.3 1ot2 o 
SR (MN 0 .. li',3 "12 0 

5113 tP Oli-H' 

OONN.ll',J,D,H. ET AL,, CRYSTAL DATA O[TERMINAT!VE TAeLES( ICl63l SR TJ 03 
GARSKE,o, ANO o.R.PEACOR, Z.KRJST. 121,20"(19651 5R S n4 
ZACHARIASEN,w,"4,, ACTA CRYST. l,2631191181 -;R3 IP or.12 

T.\♦ 3 YI 
HEPWQRTH•"'1•-'• ET AL,, ,-era CFIYST, 10,63(19~7) TA ... , 
J.1,HNBERG,L, • ACTA CHEM.S~AND, 17,25 .. 8(1963) CA T.I~ 06 

TA+ft Vt 
5HANNON,R,O, ANO C, T .PREWITT, TO RE PUBLISHED R:,, Vt; V CRUTJLE) 

TA•'5 VI 
ABAAHAlolS1S,C, ANO J.L,BERNSTEtN, J,PHTS.CH[M,SOLIOS 2B,1MS(t967_, U TA 03 
A8RAHAMS,S,C. CT AL •• J.PHY~.CHEM.~OLJns 2fto16Q3fJqli,?t lf TA 03 
BOOE,H, ANO HtOOHREN, ACTA CRYST. 11,!0(195e) K TA F"6 
BRISSE,F. 1 PH.o, THESJS,OALf-lOUSIE UNIV. ,HALJF'AX,N,S, f 1q67l cn2 TA2 07 
VOUSDEN•P•, ACTA CRYST • 11,37311951' )( TA o, 
w't'CKOFF,R,W,G,, CRYS'TAL STRUCTURE'S 2, (19641 I(. TA 02 
WYCKOF"F'",R,W,G,, CRYSTAL STRUCTURE'S 2, (196-.) NA TA o, 

TA•S VIII 
HOARO,.J.L, ET AL,, J.AM,CHEM,Soc. '1&,3820(1Q5'41 NA3 T• ~A 

Ts+:, VI 
TENPLETON,O.t-1, AND C,H,DAU8EN, J,,.M.CHEM,SOC, 761!5237(iqo;;itl T82 03 

TB+3 VJII 
SHANNON,R.O. "ND c.T.PREWJTT, TO qe: PlJBLISHE'o. Ft vi; A tPYROC)iLORE'l 

TB+4 vr 
SHANNON,R,C. ANO c.T.PREWITT, UNPUF3Lt4SHEO o•u. R:5 vs V [lJ2 SN 03) 

TB+ft VIII 
WYCKQF"F',A,W.G,, CRYSTAL STRUCTURE'S 2.t19631 TB 02 

TC♦ft VJ 
SHANNON,R.D. ANO c.T,PREWITT, TO 8E PUBLfSHE"O, R vi; A IPYFtOCHLOAf) 

TC•7 VJ 

TE-2 Vt 

TE+II III 
Hi\NK[,K,, NATURWISS, 511,199119671 1N Ti:' 03 

TE+&f IV 

T[+i,. Vt 

T[+6 VJ 

TH+4 Vt 
RUH•R. ANO A.D,WADSL!Y, ACTA CRTST, 21,971trt9661 TH Tl' or, 

TH•4 VIit 
LUNOGRE'N1G,, AAKIV Kl!NI 2,535(195D) TH (0 Hl2 S Oft 
LUNOGREN,G• jNO L,6,S[LLEN, ARKIV 1<E111t 1•277(191tqJ TM CO HH, CR Oft H2 0 
WVCKOFF',R.W,5,, CRYSTAL STRUCTURES 1, 119&31 TM 02 

TH•i.i rx 
ZACHARUSEN•W,H,, ACTA CRYST, 2,390[191191 NA TH2 F9 

Tl+2 VI 

TI•3 VI 
A9RAHAMS,S,C,, PHYS,REV, l30.223(1Cl963J TI2 03 
8ERTIUT,E,F. AND P,BLUM, .t,CTA CRYST, 'J11nu1;1S6) CA Tl? O&f 
NE'WNMAM,A,E, AND Y,M,OEHAAN, Z,l<RJST, UT,235(1963> TJ? 03 
5HANN0MtR,D,, JNOAG,CHEM, 6,11t71itfl9671 R3 VS V CPE'IIOVSKJTFI 
51£G[L•S,, ACTA CR~f. 9,68'C1956) TJ F'3 

TI+lf V 
AND!'.ASSON,S, AND A,0,UOSLEY, ACTA CH!:t,11,SC:ANO. 15,663119"11 K2 Tl2 05 
GUILL.EN,M. AND E,F.BERTAUT, co-,,T.RENO.,SER,hB 262P,962119M1 LU TJ 05 
NOORE,P,B. AJrfl) .J,LOUJSNATHAN, SCJE..CE 156rl!l61 (1967) BA2 ITI a, ST2 07 

Tt•&t VI 
ANDERSSON,S, ANO A,0,NADSLEY, ACTA CRVST, 14,12Cl'5(19611 NA~ Ty:, 07 
ANDERSSON1S, ANO A.D,WADSLEY, ACTA C:RYST, 15,U1t,C19621 NA2 Th 013 
8AUR,W,H,1 ACTA CRYST, 9,515U9S6) TJ OZ 
8RtSSE•F',, PH.Q. TH£St5,0ALHOUSIE Uijlv .. HALIFU.N.S. I PJ671 M2 TJ2 07 
EVANS,H,T,,J~., ACTA CRYST, ft,377<1951) BA TI 03 
FJSCH'EA,J, ET AL,, ACTA CRYST, 22,338(196'1> CU Tl F6,&f H2 r, 
KNOP,O, ET AL,, CAN,J,CHEM, ~,,2812(1965) ERZ T12 07 
RUH,R, ANO A,D.WAOSL[T, ACTA CRYST, 21,9Tlft1966J TH TI? Ob 
SMIAA'£,G, ET -"l•• .J.PMYS,SOC.JAPAN 1'-•1"~2 11Cl5ql M TT 0:5 
SIEGEL,S,, ACU CRYST, 5,683(19521 K2 Tl F6 
TEMPLETON,O,H. ANO C.~.DAUBEN• J,CHEJil,PHYS. 32,15t5ftq601 RA TI" OC, 
WE]SS,R, ET AL,, ACTA CRYST, 20,5311[1966) NA3 H TI s:-a 
WYCKQFF,R,.,I,, CRYSTAL STRUCTURES 2,fU61fl SR Tl 03 

TL•1 VI 
SHANJiON.,R,D. ANO C,T.PREWJTT, UNPUBLISHED DATA, A yl'.j A (NA se F'6) 

TL+l VIII 
BROSSET,C., Z,ANORG,ALLG[fli(,CH!M, 239,301Cl931J;J TL AL FIi 
SHANNON,R,D, ANO C,T,PRE•ITT, UNPUBLISHED DATA, R3 VS V ('SCHEE'LtTEJ 

TL.+1 XII 
SCHAEWELJUS,N,, ARl(fV KEll!J MJNERAL G[OL. l6B,17(UCl3l TL CiR F'6 
SHANNON,R.O. AHo c.T.PREWtTTt Uf{P\JBLJSHEO OATA. Q3 vs V fTL Se f'61 

TL•3 VI 
HOPP[,R, ANO H,J,ROMRBORN, Z,jNOAG,ALLOEM,CHEM, 329,19?11")6~1 NA TL 02 
JOHANSSON1G,, ACTA CHEM,SCAND1 J5,c'25(1959l TL O H S 0" fH1 0)2,5 
JiC00NEY,R,C:•L,, ACTA CRYS7t 9,U3f1956J TL PO" 
PAPAMANTELL05,P,, Z,KR!ST, U6,Jl&3(1~68J TL2 03 
ROTH1R,s., s.J.SCHNEIOER• J,AE5.NATL,BUA,STO, 6 .. A,309f1960) R3 V'5 V 1"4N2 O'.'!l 

TL+3 VIII 
HOOCSTRAtH,R, ANO SaSIEGEL, fNORG,CH(flll, 7,Jli-11196~1 TL? PT;, 07 

TM+3 VJ 
TEMPLETON,0,H, ANO C,H,OAUBEN, J,Ati!,CHEM.SOC, 76,S237(1Qll,C1) TM2 03 

TM+3 VJII 
SHA .. N0N,R.D. ANO C,T.PRENJTT, TO er PU8L1SHro. R vs A (PYP0CHLOR£'l 

U +3 VI 
S"4.t.NNDN,R,D, AND C:.T.PRENITT, TO BE' P\JBLtSHEO, R3 VS V ILA F31 

U ♦ It VI 

U •Cl VJJ 
ZACH&RUSEN,-.,1-1., ACTA CRYST. 7,T9211•54l K3 U F7 
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Table l(b) (cont.) 

U •~ VJll 
8RUNJON,61• ACTA CRYST. 21•9111119b'11 LIU ~'5 
8RUNTON1G,1 J,!NORG,NUCL,C'"'Elih 24' , 16)1(lQ671 Lllf U FB 
DURIF,A,, ACTA CRYST, 9,533(1'1561 U GE 0'+ 
L.lRSON,.t.,C, ET AL,, ACTA CFITST, 1'11S55(l961fl U F4 
W'l'CKOf:'F,R , W,&., CRYSTAL STRUCTURF.S 1t(19631 U 02 
ZACHARIASEN1W,H,1 ACTA CRTST, 2,390(19'f9l NA2 U F6 

U +If IX 

Y ♦ 3 YI 
!URTR,Uill1S,r,1 IHORG,CHEM, 5,7'49tU66) Y6 U 0121LU6 U 012" 
BERTAUT,F, AND J,t,,tARESCHAL, COMPT,AENO, ?.57,867Uq6:"I Y AL 03 
FERT,A., BlJLL,SOC,FRANC,MINERAL,CRt5T• eS,267(19621 Y2: 03 
HAR:RIS1L,A• ANO H,L,YAKEL, ACTA CRYST, 221354(11167' Y2 8£ Oil 

~~~~~;~~!c~~6u~:~:~ ... ~L:~?R:c;~L~~~s~:E~q.~~~; ~::~}'6"~2 n;R Y2 o, l' ' 

SHA~NON,R 1 0, ANO C,T, PRE'WlTTt TO BE PUBLISHED, R VS A (PYROCHLORE) 

ZACHARUSEN,w,H,, ACTA CRTST. z,3qo(19'+9) U2 F9 

U +5 VI 
ROSENZWEIG1A, AND D,T,CROMCR, ACU CAYST, 23,"65(1%'11 CS U F6 
ZACHARIASEN 1'1f,H 1 1 ACTA CRYST, 2 , 390(t9i+91 K2 U 1='6 
ZACHARl.a.SEN,w,H., ACTA CRYST. 2,no<191f9) ~"2 U 1='6 

U +5 VII 
L00PSTRA,8,0,t ACTA CRYST~ 17o651[11J&'+) U3 08 
ZACHARU.StN1W,H,1 ACTA CRYST, 2,296(19'+9) IJ FS 

Y •::, Yttt 
BAGLtO,J,A,, ANO G,GASHUROV, ACTA CRYST, 82111292 11~681 Y V 04+ 
BATT,1, ANO e.PQSTt ACTA CRYST, 15,126&(,1962) n FF5 012 
8R1SS!:tF•• PH.O.THESJS,OALMOUSIE: UNlV,,HALIF'U,N,S,(1~67> Y2 t,,t2 07• 
CUNNJNOMAM,J,A, ET AL,, JNORG,C:HEM, 6•'499t1tH,7) Y (C5 H7 02)3,, H2 0 
EUL'ER•F• AND J,A,BRUCE, A.CTA CRYST, 19,971C1965) Y:5 111.5 012 
6ELL!:R,s. ANO M,A.,GILLEO, ACTA CRYST, 1c,z:,q(1957) Y.! ~e:5 012 
KRSlA"l0VtC•t,, Z,KRlST, 121,)1~11'965) Y P Olt 
MILLtGANHt,O, ANO L,lrll,VERNON, J,PHYS,CHE"• Sl5,,1115(1952) Y V oci 
ZALl<IN••· ANO O.H,TEMPLETON t J,AM,CHEM.soc. 75,21153(1953) Y F:-!1 

U +6 11 , 
2ACI-IAAIASCM,'lf,H,, ACTA CRYST, "P,70!(lg511,) K3 U 0~ FtS 

U +6 lV 
ROSS,M, ET AL., AM.MJN[RAL0G1ST Cl9,16G311%1tl CU CU 02 P OIIJ:2,111 H2 0 

U •6 Vl 
8-'RTRAM,S.F',, lMORG,CHEM. 5,70(1966) LU6 U 012 
OEBETS,P,C,, ACTA CRYST. 21>599 ( 1966> U 03 
RIETVEL01H,M,, ,\CTA CRYST, 2:0,soe <19b6J M3 U 06 
SIEGEL1S,1 ANO H,R, HOEKSTRA, ICTt. CllYST, Bh,967[196AI CU U O'I 
STEARNS,N., ,\CU, cr:nsT. 23,26f&(l96'7'J PB3 V 06 

T8+3 VI 11 
Eut.ER,F, AND J,A,BRUCE, ACTA CRYST, 191971(1965) YA, Mt; 01?. 
MILLllJAN,WoO, ANO L,W.YERNON, J,PHYS,CHEM, 56,111511952) YB V OIi 
SHANI-ION,R,D, AND C,T,PREWITT, TO BE PUBLISHED. RVS A CPYROCHLORE) 

WYCKOF'F',R,.r,G,, CRYSTAL STRUCTURES 2,(19641 U 03 
Z.\CHAR1A$EN,W,H,, ACTA CRYST • 7, 7811( 19S't) MG U2 Ofi 

U +6 VII 
DE8£TS1P , C,1 ACTA CRYST, 21•5M{l966J U 03 
LOOPSTAA18,0,1 ACTA CRYST, 1'1'6~1<19641 U3 08 
SitGEl.,S, ET AL,, ACTA CRYST, 21h292(1966) U 03 

ZN♦2: IV 
ANSELl.1G,B, ANO L,KATZ· ACTA CRYST. 2lt4~2( 19661 ZN2 M0:5 oe 
C.\l.Vo,c,, J,PHYS,CHEPll,SOL[ns 24,141(19631 ZN3 (P 01&12 
COREY•A,e. ANO R,W,G.WYCKOFF, z.KRIST, 861Bll9331 lN 10 HJ?. 
PREWtTToC,T, ET AL,• l,KR1ST 1 121i,ll5(1967> P8 lN St 0" 
RENTZtfl!:RIS,P,J,, Z,KRJST, 119,117Cl~63) ZN2 MN fO Hl2 St O'+ 
SCHNERJNG,H,61 ANO R,HOPP£• Z,ANORG.A,LLGEM.CHE)t. 5U,8?U96ll SR ZN 02 

V +2 Vl 
MONTGON(RY•H, ET .\L,, ACTA CRYST, 22,77SUCJ67) V [l.l Hlif)2 (c; 04)2,6 H2 0 
'JIYCKOFF',R,V,c;.., CRYSTAL STRUCTURES 1,119631 V 0 

SCHNERING1H,G• E.T AL,, Z,ANORG,ALL&EM,CH£'4. 305,2"1 t196(1) AA ZN 02 
SMlTMtP, ET AL,, Z,KRlST, l11J1315t1961tl ZNr,. 0 I~ 02)6 
SPITS!E'R:IER1U11 ACTA CRYST. 1311971196(1) AA ZN 02 
ST£PHENS1J1S, ANO C,CALVO, CAN,J,CHElil, 45,23031196'?J 2N3 fp 0~)2 

V ♦ 3 Yl 
HEPWORTH , M,A., l!:'T AL.,· ACTA CIITST, 10,63( 1957) V F3 
NElrllNHAM,R.E, ANO Y,M,DEHAAN, Z,KRIST, U?,235(1962) V2 0:-0 
SHANNON,R,0,, lNORG,CHEM, 6,Jll1Cl(Jfl67) R3 VS Y (P[~(IVSl(ITE) 
WYCKOF'F',RoW,611 CRYSTAL STRUCTURES 2,(19MJ CE Vo, 

V •II YI 
.OIOERSSQ"l,G,, ACTA CHEM,SCAND, 10,623(19561 V 02 
KtERKl!:GUA:O•P• ANO J,LONGO• UNPUBLtSttEO DA.TA, V 02 

ZN::Rt~ ... "'s,s.c., J,CHEM,PHYS. t.6,20'52(1961) ZN 1-4:0 04 
COCCO,(), ET AL,• Z,KRIST, 123•32I 119661 ZN2 10 Hl P or,. 

~~~~~~~£~y~!:u:~~5tc~~i~:!~~~;~t A~;/~R~~T. 16,7 .. 8119"31 ZN (C5 H7 0212 H2 o 
Pl.UTH,K, A"IO G,SANGER, Z,l<RJST, 124,91(1967) ZN2 .t:U AC.2 O"-
STEPMENS1 J .S, AND C. CALVO, CA.N,J,CHEt,,t, 45,230311%7) ~3 IP Gfi!2 

SHANNON,R,D, A.IC' C,T,PREWJTT, TO BE PU!LtSHro. R3 VS V (RUTlLE) 
WTCKOFF'1R,W,B,1 CRYSTAL STRUCTUAtS 2,(196,J CA V 03 

Y ♦ 5 lY 
AU,P.K,L• ANO C,CALYO, CA.N,J.CHE~. 115•221J7r111671 CO2 Y'> 07 
BA.IJLtO,J.A, A.NO G,GASHUROV, ACTA CRYST. B24,2q21l968J Y V rill 
OONALOSoN,D."4, ANO w.H.BlRNEs, U4.MlNF.'RALOGtST 110,seo119a;a;) PA MN (Y Of&) (O HJ 
EYANS,H.T,tJR,, Z,l<RIST. 1111,257(l'i16D1 KV 03 
EVANS,H.T,,JR,, Z,KRtST, 1111,257(lq6Dl N H1t Y 03 
MILLtGAN,.,O. ANO L,W,VERNON, J,PH'l'S,CHElol., 561145(19521 M V 011 
PUSCHEKE,E, ET AL, 1 CHE",PHYS,LETTEAS 2,4?(1q68J ER V () .. 
SHANNON,R,O. ANO c.T,PREWl!T, TO SJ' PUBLISHEo. R3 V5 V (lJqCONJ 

ZN•Z YI 
ABRAHAHS•S,C,, J,CHEM,PHYS, ~6,2052119611 l"' MO 04 
ANSELL • G·B· ANO L,KATZ, ACTA. C:RYST. 21,,e2[1966) ZN2 Mn!, Of' 
BATES,C,H, ET AL,, SCIE.NCE U1,99311Q621 ZN 0 
8AUR,w.w., ACTA CAYST. lt,48811958) ZN F'2 
BTSTROJrill,A., ET IL,, ARKlV K[Mt,MJNERAL,GEOL, 158•11(11?42) ZN se2 06 
CALVO,C:,, CAN,J,C:HEM, lt3,ll4l'tl9M) ZN2 P2 01 
CALVo,e., J,PH'l"S,C:HEliill.SOLlOS 2~.1~1(19631 ZN3 IP 04)2 
6t6LIO,M,t ACTA CRYST, 11,789(1958) N.\2 ZN (5 o,l2.• H2 0 
SCHNERlNG,H.G,, Z,ANORG,Al.l.GEM,Cl-fEM, 353113(19611 AA2 1N F6 
WYCKOFF,A,W,G,, CRYSTAL STRUCTURES 2,1196~1 AG 1N s-:5 
WYCKOl=F,R,W,G,, CRYSTAL STRUCTURES 2, 119611) K ZN F3 

V +5 Y 
CHRlST,c;.L, tT AL,, ACTA CRTST• 'hlllH<l9S111 I< V 03,H2 C\ 
EVANS,H. T • •JR, 1 ANO S,BLOCK, 4N0Rtl.CHE"'• 5, 180tll 1966) K V3 08 
&ALY,J. AND A.,H.\ROY, ACTA CRYST, 1914:52(196!i) LI Y2 05 

v~n · 
CAUGHLAN,C:,N, ET AL,, 1NOR6,CHEM• S,2131(1966) Y O CO I': H3J3 

ZR~=I~;E,F, • PH.o, THE!il!itOALHOUS.tE u•nv. ,HA.LtF"AX,N.~- 11961) LA2 ZR2 07 
JONA,F, £T AL•• PHYS.REY. 105•8~9(19'7) PB ZR 03 
SHANNON,R,D. ANO c.T.PREWITTt TO er. PUBLtSH£o, R vs A IPYROCHLORl!:1 
WYCKOFF,R,W,Gu CRYSTAL STRUCTURES 21 '1964) BA ZR 03 
WYCKOFF,R,W,Go, CRYSTAL STRUCTURES 2,(1964) SR ZR 03 

EYANS•H,T.,JR., AND S,BLOCK, lNOAtJ.CHEM. 5,U08tl9661 I( V3 08 
EVANS,H, T, ,JR-, ANO S,BLOCK, 1NORG.CHEM, 5, 1808( 19661 cc; V:5 08 
SWALLOli',A,Gu ET Al.,, ACTA CRYST, 21,397(19661 CA3 VlO 0?.8,17 H2 0 

ZR♦ 4 VJ] 
LUNDGREN,G11 ·A"KlV l(EJo!I 13,5tJ(19581 ZR4 10 H16 ICR Olll"i,2 H2 O 
SMITH,O.K. A.NO H,W,NEWKIRII:• ACTA CRYST, 18,Q83(19651 ZR 02 

W H Vt 
SHANNON,R , D. ANO C,T,PREWJTT, TO BE PUBLI SHED. R:\ VS V lPUT1Lr,I 

'Ill +6 Iv 
ABRAHAMS,SoC:, AND J.L,BERNSTE"Hh J.CHE"4,PHYS, 115,.!'74'Sll91\M SC2 (W o• ) :'I 
BUR8ANK,R,D,, ACTA CRYST, l8,HU965> CA W Olf 
TE:JillPLETO"l•D,H, AND A,ZALKJN, ACTA CRYST, 16•762(1963) f'U2 lW 0103 
ZACH,\RlASEN,w,H, AND H,A.PLETTING(lh ACTA CRY'iT, 14122911~61) Ll2 W 011 
ZALKIN,A, ANO D,H,TEMPLETON, J,Ct-!Elol.PHYS, 40,!01(1964) C,.. W 04 

ZR•• Ylll 
8001!:,tt, ANO G,TEUFER, ICTI CRYST. q,92'9(1956) X2 ZR F6 
BURNS•J,H, !.T AL., ACTA CAYST, 824,2:,DUQf,81 NAT ZR6 F'.\l 
l<RSTANOVJC:,I.,A., ACTA CRYST. u,n6(19581 zq ·sr O'+ 
LlRSON,A,C, ANO D.T. CROMER, ACTA CRYST, 1'+1128(1961) 7 R ft 03)&1 
SEARS,D,A, AND J,H,BURNS, J,CHEM.PHYS, 4113478(1q6,4) LI6 AE F'4 ZR F'! 
SINGER,J, AND D,T,CROMER, ACU CRYST, l2171q(l959) lR (5 04)2.r& K2 0 
TEui:cR,G,, ACTA CRYST, 15,1187(1962) ZR 02 
1''1'C:KOF'F1R,W,G,, CRYSTAL STRUCTURES 1, 11963) ZR 01 

'Ill +6 YI 
KEELING1R,O.,JR., ACTA CRYST, 10,209(11J571 NI W 04 
KIERKE6AARD1P11 ACTA CHE:"'1,SCANO, U,t715<1958) V O P2 07 
l..OOPSTRA1B,O, AHO P,1!-0 LORINI, JICU CRYST• 2lol58(1,q661 W 0:0, 
ULKU1D,, Z.Kll:IST, t2ti,192fl967) F'[ 'Ill 04 

* This is not intended to be an exhaustive list of references for each ion. For example, there are many references in the litera­
ture to certain ions in the usual coordinations such as v1A13+ and some of these have been omitted to save space. For those ions 
and coordinations which occur rarely such as rvcrs+ or vzn2+, the list is apt to be more complete. 

Table 2. Anion radii for different coordination =numbers 
02- p-

CN Radius, A CN Radius, A 
II 1-35 (1·349±5) II 1 ·285 (l ·285 ± 9) 
Ill 1 ·36 (l ·357 ± 10) III 1·29 (1·300± 12) 
IV 1-38 (1·378±4) IV 1-31 
VI 1 ·40 (l ·396 ± 9) VI 1-33 
VIII 1·42 

In the next step appropriate anion radii were sub­
tracted from average distances in cation-anion poly­
hedra. Approximately 1000 average interatomic dis-

tances in oxides and fluorides were taken from more 
than 700 structure determinations. Values of radii for 
the trivalent rare-earth ions determined in this way 
agreed quite well with those of Templeton & Dauben 
(1954). Since our method was similar to theirs, the 
Templeton & Dauben values, quoted to three decimal 
places, were used without revision. Since anion coordi­
nation is frequently not discussed in structure papers, 
the following system (see also Holser, 1959) was used 
to determine the proper values for a compound 
PApQBqRXr: pP+qQ=rR, where P and Q are the 
CN's of the cations and R is the CN of the anion. 
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Table l(b) lists, by ion according to CN and spin, 
(where applicable) all the references from which data 
were taken to construct Table l. With most references, 
the source of data is indicated by a chemical formula, 
compound type, or radius plot (see below). Structure 
determinations from 1930 through early 1968 were 
covered in the literature search. In general, many quali­
tative judgements were made as to the weight given to 
a particular interatomic distance. More recent struc­
ture determinations not involving film methods, those 
reporting low R values, and those made on well-charac­
terized crystals were given the most weight. The set of 
values thus obtained was considered to be a first 
approximation. 

The next step was to plot ionic volume, r3, vs. unit 
cell v0lume, V, for more than 60 isotypic series. Ac­
cording to assumption 6 these plots should be linear. 
Fig. I shows the plot for the rutile MO2 structure 
(Shannon, 1968). This example is chosen because the 
rutile structure covers a wide range of cation radii, 
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Fig. l. Cell volume vs. r3 for compounds with the rutile struc­
ture. Circles represent data from structure refinements, and 
the horizontal lines are for compositions where only the cell 
volumes are known (after Shannon, 1968). 

0·39-0·78 A, and unit-cell volumes are accurately 
known. The radii were adjusted to provide linearity 
and consistency with crystal structure data. The radii 
were further adjusted to be consistent with both crys­
tallographic data and unit-cell volume data over those 
structures containing common ions. A severe limita­
tion, however, was found to be the accuracy of many 
reported cell dimensions. Numerous examples which 
first appeared to deviate from linearity were found to 
fall in line with other data after cell dimensions were 
redetermined with least-squares refinement using 
Guinier camera data. 

No structure data are available for many ions. In 
such cases, a reliable estimated value can often be ob­
tained from plots of radii vs. cell volume (Fig. I), 
radii vs. oxidation state, and radii vs. electron confi­
guration (Figs. 3 & 4). Examples of radii determined by 
radii-volume plots are NiH and CoH LS [perovskite 
(Shannon, 1967)], Rh4+, Pt4+, Re4+, Os4+, W4+, and Ta4+ 
[rutile (Rogers, Shannon, Sleight & Gillson, 1969)] 
(Fig. I), and RhH [perovskites (Shannon, 1967) and 
corundum (Prewitt, Shannon, Rogers & Sleight, to be 
published)]. The accuracy of these values depends on 
the accuracy of the cell dimensions and on the linearity 
of the plot. 

Plots of radii vs. CN (Fig. 2) and radii vs. oxidation 
state are generally found to be regular. This is consis­
tent with the equations given by Zachariasen (1931) 
and Pauling (1927). Consequently, when the values of 
radii as determined by structural data appeared to be 
inconsistent with these regular curves, the sources of 
data were investigated; if these appeared questionable, 
the value of the radius was made consistent with the 
radii plots and marked in Table l(a) with an E, e.g. 
NbJ+. 

The variation in radii of the first-row transition metal 
ions with the number of eu and t2u electrons has been 
discussed qualitatively by van Santen & van Wieringen 
(1952), calculated theoretically by Hush & Pryce (1958), 
and plotted experimentally by Liehr (1960), Knox 
(1961), Blasse (1965), and Pearson (1968). Similar 
plots were made for our data, Figs. 3 and 4. By use of 
these plots, hypothetical values of radii were deter­
mined for the low spin ions, Mn2+, Ni3+, FeH, MnH 
and CoH. Low-spin radii for Fe2+ and Co2+ were taken 
from radii vs. volume plots for the pyrite structure; 
these radii were consistent with the above electron 
con.figuration plots. 

As a final step, the anion radii with CN II, III, IV, 
VI, and VIII were recalculated using interatomic dis­
tances from the simple oxide structures and the final 
refined set of cation radii. These values, given in paren­
theses in Table 2 with their estimated standard devi­
ations do not differ significantly from the original 
values. It was not possible to calculate average values 
for vrno2- because of the lack of examples. No cal­
culations for ivp- or vip- were made because of a 
problem with highly symmetric structures discussed in 
another section. 
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Results 

Table l(a) presents three sets of radii. The first is that 
of Ahrens (A-IR). The second column contains crystal 
radii as defined by Fumi & Tosi (CR). This column 
was derived from column three but it is based on 
r(YIF-) = 1 · 19 A and an assumed difference between 
six-coordinated oxygen and fluorine radii of 0·07 A as 

1·90 

1 ·80 

~·~ 1"70 

1·60 

1-50 ,..~ Rb+ 
1·40 K+ Na+ 
1·30 g 

r 1·20 
I 

1'10 

was found for the ionic radii. The third column con­
tains the radii obtained in this work for various coordi­
nation numbers and spin states. Except for the radii of 
s2-, Se2- , and Te2- , which are included in column one 
and marked with P, Pauling's radii are omitted because 
Ahrens' radii are taken from revised values of Pauling. 
Eachrowin Table 1 (a) contains the ion, the electron con­
figuration (EC), coordination number (Roman nume-

1 ·60 

1·50 

1·40 
Ba2+ 

1·30 ,,_,. 

1-20 Pb2 + 

HO 
s,,.,. 

1·00 
Mn2+ 

0·90 

0·80 

1·00 

✓A• 
,~· 

0·70 /!7M'" ;;: HS4 
0·90 I 

I 
0·60 Zn2+ 

I 
0·80 I o·5o 

I /Li+ 0·70 I 0·40 I 

/Be" 0·60 0·30 

0·50 0·20 

2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 12 
CN 

(a) (b) 

1-50 1-50 

1-40 1'40 

1-30 1-30 

1 ·20 1-20 

1 ·10 La3 

Eu 3+ 1'10 

Th .. ~ Ce 
1·00 Bi3t Dy' + 1·00 

Pr LJ4+ 

0·90 Tb + 
Tm3 + 0·90 ~~~.:· Ho3 

0·80 Er3+ 
Yb3.,. 0·80 Hf4+ 
ln3 + 

0·70 0·70 £Fe3
+ HS 

0·60 ~::· 0·60 ~Ti4+ 

0·50 0·50 r~:4·. 
0·40 0·40 /Si4+ 
0·30 0·30 

0·20 /'" 0·20 

0·10 0·10 
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Fig.2. 'Effective' ionic radius vs. CN for some common cations. 
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ral), spin state (HS or LS), three values of ionic radii, 
and finally a symbol giving some indication of the reli­
ability(?, E, R, *, or no symbol). The values indicated 
by a question mark are considered doubtful because of 
one or more reasons: uncertainty as to oxidation state, 

1·00 

o·90 

o·so 

0 ·10 

o·50 caz• 

0 

Tiz+ v 2• cr2• Mn2• Fez• Co2 + Ni2+ Cuz+ 202• 

2 3 4 5 6 7 8 9 10 
NUMBER OF 3d ELECTRONS 

Fig. 3. 'Effective' ionic radius vs. number of 3d electrons for 
divalent transition-metal ions. 

0 2 3 4 5 6 7 8 9 10 
NUMBER OF 3d ELECTRONS 

Fig.4. 'Effective' ionic radius vs. number of 3d electrons for 
trivalent transition-metal ions. 

oc:t 
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1.60 .__ _ _._ __ ..___~ __ _.__ _ __._ __ _, 
I[ IlI. y 3ZI TI 3ZIII 

COORDINATION OF OXYGEN 
Fig. 5. Si-O distance vs. oxygen coordination. The dashed line 

CN, or composition of the compounds studied, or 
deviation from radii vs. CN, or radii vs. valence plots. 
The values estimated from radii vs. CN, radii vs. 
oxidation state, or radii vs. electron configuration plots 
are followed by the letter E. Values of radii taken from 
radii vs. volume plots are marked by R. Finally, those 
values for which at least 5 structural determinations 
resulted in radii differing by no more than ± 0·01 A are 
marked with an asterisk. 

Although many different types of coordination 
exist for a given CN, for simplicity we have chosen to 
differentiate only the common types of four coordina­
tion: square planar (IVSQ), square pyramidal (IVPY), 
and tetrahedral (IV). 

Table 3 compares observed and calculated inter­
atomic distances in more than 100 compounds with 
the use of radii from Zachariasen, Pauling, Ahrens, 
and Table l(a). The first three columns in Table 3 con­
tain calculated interatomic distances of Zachariasen, 
Pauling, and Ahrens corrected for cation coordination 
using the correction factors listed by Pauling (1960) 
and Zachariasen (1931). The agreement between ob­
served and calculated distances is seen to be much im­
proved in most cases where CN of the cation and/or 
anion is different from VI. 

When the distances calculated from Table l(a) differ 
significantly from the observed distances, a reason for 
the discrepancy can usually be found. One of these 
reasons is that interatomic distances in highly sym­
metric structures are generally shorter than expected 
and another is that it is often difficult to establish 
exact coordination numbers for some ions. These 
effects are discussed further in later sections of this 
paper. Other reasons are that some radii are based on 
insufficient data and/or that a structure solution and 
refinement may be, to some degree, in error. In addition 
there are undoubtedly some unexplained departures 
from additivity which are reflected in deviations of the 
order of ± 0·01 A. 

Discussion 

Change of anion radius with CN 
Although the dependence of interatomic distance on 

CN was noted by Goldschmidt (1927) and the idea of 
increases of cation radii with CN has been mentioned 
by several investigators (Pauling, 1927; Zachariasen, 
1931; Geller, 1957; Sasvari, 1960), the possibility that 
anion radii may also depend upon CN appears to have 
been considered by only a few authors (Slaughter, 
1966; Jeffrey & Slaughter, 1963). The effect of CN on 
anion radii is not great, but it is noticeable when com­
paring interatomic distances in structures containing 
a series of M-0 distances where the CN of 0 2- varies 
(Tables 3 and 4). This is probably the principal cause of 
the variations in Si-0 distances noted by Smith & 
Bailey ( 1963) in their survey of silicate structures.* 

represents the variation of Si-O distances reported by Smith * This effect was recently discovered independently by Gibbs 
& Bailey (1963). & Brown (1968). 
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Table 3. Comparison of observed and calculated interatomic distances in oxides and fluorides 

Compound 

AgFe0
2 

Al2S105 
AlP04 
A12o

3 
L1Al02 
L1Al0

2 
BeA12o4 
AlF

3 
As2o

5
•5/~0 

CdB4o7 
CaB

2
o

4 
L1B02 

'Y-HB02 

KB508 
Bao 

BaGe03 

BaF
2 

Ba(OH)2 •8H20 

BaGe4o
9 

BaS04 

Bo.3(!'04)2 

Y2Beo4 
BeO 

L12BeF4 
B1

4
s1

3
o
12 

Bi2Ge0
5 

ca
2

s104 
CaW04 
CaB

2
o

4 
CaF

2 
Co.So4 
Cdso4 
CdO 

Cd2v2o7 
C•P04 

CoF2 
CoMoo4 
coo 

Cr2o
3 

cr
5

o12 
CrF

3
_ 

Pbcr04 
L1Cr

3
o8 

Cu:Feo
2 

J)yl•l12 

Eul4 

FeO 

FeW04 
Fe2s104 
FeGe(OH)6 

Y3Fe5012 
Na

3
Fa

5
o

9 
Fe2o

3 

FeF
3 

Go.Nb04 
a-Ga2o

3 
Y3Ga5012 
GaF

3 
BaGe

4
o

9 
Na4Ge9020 

1"203 
Ca.In204 
:rnro

4
•2H

2
0 

Ca2Ir04 

Distance 

IIAg-IVO 

IVAl-IIIO 

IVAl-IIO 

VIAl-IVO 

IVAl-IVO 

VIAl-VIO 

VIAl-IVO 

VIA1-I1p 

IVAs-IIO 

II¾i_III0 
n:si_n0 

IVB~IVO 

IVB-IIO 
IV5 _III0 

v:sia-VIO 
VII¾

8
_IV0 

vn:si.,_rvp 
VII¾a-IVO 

~ 8 _III0 
X!¾a-IVO 

XI¾ia-VO 

II¾e-IVO 

IVBe-IVO 

IVBe-II~ 

V¾1_III0 
v1ii1_ III0 
VIIIca-IVO 

VIIIca-IIIO 

VIIIca-IIIO 

VIIIca-IVF 

VIIIca-IIIO 

IVCd-IIO 

VICd-VIO 

VICd-IIIO 

VIIIce-IIIO 

vr HS00_ n:;, 
VI HSco-IIIO 

VI HSco-VIO 

VICr-IVO 

VIcr-IIO 

VICr-It,. 

IVCr-IIIO 

IVCr-IIIo 

IIC\J_IV0 
VII1r,y_ IV O 

~-VIO 

v:;.._ VIO 

VIFe-IIIO 

VIFe-IVO 
v:;,0_ III0 
IVFe-IVO 

IVFe-IVO 

v:;.._ IVO 

VI.-e-~ 
VI0.,_III0 
VIG&-IVO 

vroo.-IVo 

VIGa-I~ 
VIGe-IIIo 

VIGe-IIIO 

VIIn_IV0 
VI:rn_ v0 
VIIn_II0 

VIIr-IVO 

1.35 

1.35 

1.42 

1.42 

1,42 

2,76 

2.84 

2.68 

2.84 

2.90 

2,96 

2,96 

1.55 

l,63 

1.53 

2.50 

2.50 

2.50 

2.34 

2.50 

Paul1n5 Ahrens 

2.36 2,40 

1,78 1,81 

1. 78 1.81 

1.90 1,91 

1,78 1.81 

1,90 1,91 

1.90 1.91 

1.86 1,84 

1.78 1.75 

1,38 1.40 

1,38 1.40 

1.47 1.50 

1.47 1.50 

1,47 1,40 

2,75 2,74 

2.82 2.80 

2.79 2.74 

2.82 2.80 

2.88 2,84 

2,94 2,89 

2,94 2,89 

1.4?° 1.51 

1,57 1,61 

l,53 l, 54 

2,36 

2.36 

2.47 2,48 

2.47 2.48 

2,47 2.48 

2,43 2.40 

2.48 2.48 

2.28 2.28 

2,37 2.37 

2,37 2.37 

2,57 2,53 

2.10 2.05 

2,14 2.12 

2.14 2.12 

2.09 2,03 

2.09 2.03 

2,05 1.96 

1.82 1.82 

1.82 1.82 

2.01 2.10 

2,38 

2,43 2.38 

'2.16 2,14 

2,16 2.14 

2.16 2.14 

2.16 2.14 

1,94 1.94 

1,94 1,94 

2.04 2.04 

2.00 1,97 

2.02 2.02 
2,02· 2.02 

2.02 2,02 

1,98 1,95 

l.93 1,93 

l,93 l,93 

2.21 2.21 

2.21 2,21 

2,21 2,21 

2.04 2.08 

s & p 

2.05 

1,75 

l.74 

1.91 

1.77 

1,93 

1.91 

1.815 

1.685 

1.38 

1, 37 

1.50 

1.47 

1,48 

2,76 

2,80 

2.73 

2.80 

2.88 

2,98 

2,99 

1.55 

1.65 

1,57 

2,38 

2.38 

2.50 

2.48 

2.48 

2,43 

2.48 

2,19 

2,35 

2.31 

2,50 

2.035 

2,095 

2.135 

1,995 

1,965 

1.90 

1.66 

1.66 

1,84 

2.40 

2.35 

2,17 

2,13 

2.15 

2.12 

1.88 

1,88 

2.025 

1.93 

1.98 
2.00 

1.g8o 

1.905 
1.900 

1.910 

2.17 
2,18 

2,14 

2.01 

Robs !!:,!! 

2,06 68 

l.77 6_3 

1,74 66 

1.91 62 

1. 76 65 

1.90 66 

1,914 63 

1,80 51 

1.69 66 

1.37 66 

~-37 63 

1.47 65 

1.47 63 

1.46 65 

2, 76 63 

2. 785 62 

2.69 63 

2, 74 64 

2,96 66 

2,95 63 

3,01 48 

1, 55 67 

1,649 64 

1,554 66 

2,385 66 

2.35 64 

2.515 64 

2,461 65 

2,505 63 

2,37 63 

2.46 63 

2.168 63 

2,348 63 

2,31 67 

2, 50 50 

2.04 58 

2,08 65 

2.133 63 

1.99 62 

1.97 65 

l,90 60 

1.65 65 

l,65 67 · 

1,83 68 

2.40 65 

2,340 66 

2,155 63 

2.104 67 

2.172 65 

2.13 61 

1,88 62 

l,867 67 

2,030 66 

1,92 57 

l,996 65 
2,00 65 

1,995 65 

1,89 59 
1,877 66 

1.907 63 

2.18 66 

2,157 6~ 
2,16 61 

2.01 66 

Compound 

ICF 

KMn04 

L12W04 

L1Al02 
L1Ga02 

L12S1205 
L1Al02 
L1Gao2 
LiF 

L14UF8 

LiUF5 
MgO 

MgS04"4~0 

MgF2 

MgHl'04•3~0 

MnMo04 

Mg6Mn08 

J)y""205 

Mo02 

. Z"2Mo3o8 

MnMo04 

PbMo04 

NaF 

N"-2SiF5 

NaHC0
3 

Nb2o
5 

Go.Nb04 

L1Nb03 
NiP2 
N1S04 '61½?0 

B"2NiF5 
Pbo

2
· 

Ru02 

L1SbF6 
Sb2o4 
K3Sb5014 
Sc2o

3 
Sc2('1.04)3 

casc2o4 
ScF

3 
Scl'04 
S102 
KA1Si

3
08 

ca.is104 
S102 

~S1P7 
N"2SiF6 
(NH4) 2S1F5 

Sn02 
SnF4 
SrF2 
ri203 

TiF3 
T102 
Er2T12o7 
N"2T13o7 
V203 

V02 
c.~v2o7 
FeW04 

W03 

Y203 

=2 
Zr02 

Distance 
vr,;_v~ 
VII~_III0 
IVL1-IIIO 

rvL1-rvo 

IVLi-IVO 

IVLi-IIIO 

~1-VIO 
VIL1_VI0 

V¾_i-VIF 

VILi-IX,. 

V¾_1_IIIF 

~-VIO 

~-IVO 
v~_nr,. 
v~g-III0 
VI HSMn_III0 
v~_v0 

~-IVO 

~o-IIIo 

~o-IIIO 

IVMo-IIIO 

IVMo-IIIO 

V1ife._VIF 

V1if a-n:;, 
V1ife._IV0 

~-IIO 

VINb-IIIO 

¥1ifb-IVO 

V1if1_IIIF 
V~1_III0 

¥1if1-VF 

VIPb_IIIO 

VIRu_III0 
VISb-IX,. 

VISb-IIO 

VISb-IVO 

VIsc-IVO 

VISc-IIO 

VIsc-VO 

VISc-IX,. 

VIIIsc-IIIO 

IVSi-IIO 

IVS1-IIIO 

IVS1-IVO 
VI81_III0 

VISi~IVF 

VI51_IIX,. 

VIS1-IX,. 
VI5n_ III0 
VISn-IIF 

VIIISr-IVP 

VITi-IVO 

~1-IX,. 

VJ:.r1_III0 
~1-IVO 
VJ:.r1-vo 
Yly_IVO 

Yly_III0 
IVy_III0 
v1w,_rn0 

V¾,_IIO 

Yly_IVO 

VIzn_IIX,. 

VIIIzr-IVO 

~ Pauling~ 

2.66 2.69 2,66 

2.90 2.83 2,82 

1,99 1,84 1.91 

1,99 1,84 1.91 

1.99 1,84 1,91 

1.99 1.84 1,91 

2,12 2.00 2.08 

2.12 2.00 2.08 

2,01 1.96 2.01 

2,01 1,96 2,01 

2.01 1,96 2;01 

2,10 2,05 2,06 

2.10 2,05 2.06 

1.98 ~.01 l,99 

2.10 2,05 2,06 

1.82 

1.82 

2,31 

2,31 

2,44 

2,00 

2,00 

2.00 

2.16 

2.16 

2,16 

2,02 

2,24 

1.63 

1,63 

1.63 

1,73 

1.60 

1.60 

1,60 

1.96 

1.96 
1,96 

2,21 

2.20 2,20 

1,94 2.20 

1.94 2.20 

2,06 

2,o6 

1,94 

1.94 

2,31 

2,31 

2,35 

2.10 

2.10 

2.10 

2.10 

2,10 

1.92 

1.92 

2.30 

2,30 

2,37 

2,09 

2,09 

2.09 

2,08 2,02 

2.12 2,09 

2,08 2,02 

2.24 2,24 

2,03 2,07 

1.98 1.95 

2,02 2.02 

2,02 2,02 

1.75 

1. 75 

1,75 

2.11 

2,04 

2.52 
2.16 2.16 

2.12 2.09 

2.08 

2.08 
2,08 

2.14 

2,00 

1.89 

2.08 

2.08 
2.08 

2,14 

2,03 

1.89 

2.02 

2.02 

2,32 

2,07 

2,26 

~ 
2,71 

2,86 

1.95 
1,97 

1.97 

1,95 

2.14 

2.14 

2.07 

2.025 

2.04 

2.12 

2.10 

2.02 

2,08 

2,18 

1,93 

1,92 

2,01 

2,02 

1.78 

1,78 

2,35 

2,32 

2.40 

1,99 

2.00 

2.02 

2,00 

2,06 

2,02 

2.135 

1.98 

1.895 

1,96 

1,99 

2,11 

2,08 

2.12 

2,015 

2.23 

1.61 

1.62 

1.64 

1,75 

l.71 

1,70 

1,685 

2,05 

1,975 

2.56 

2.05 

1.955 

1.965 

1.985 
1,995 

2.02 

1.95 
1.715 

1.94 

1,93 

2.272 

2,045 

2,22 

Robs~ 

2.673 63 

2.89 67 

1.96 61 

2.00 65 

1.98 65 

1.94 61 

2,12 66 

2,14 65 

2,008 63 

2,08 67 

2,055 66 

2,105 63 

2,076 62 

1,992 56 

2.084 67 

2.164 65 

1,928 54 

1,92 67 

2,011 67 

2,02 66 

1. 763 65 

1. 772 65 

2,31 63 

2,32 64 

2.44 65 

1,99 64 

2.031 65 

2.00 66 

2,00 58 

2.06 66 

2,01 67 

2.16 47 

1.971 66 

1.88 62 

1.97 64 

1,984 66 

2,ll, 67 

2,o63 66 

2,12 65 

2,01 51 

2,23 56 

1,607 66 

1.61 64 

1.644 65 

1. 768 66 

l. 70 62 

1.695 64 

1,674 56 

2,053 56 

2.14 62 

2.51 63 
2,040 62 

1,97 56 

1.959 56 

1,955 65 
1.99 61 

2.01 62 

1,937 56 
1. 717 67 

1,94 67 

1,927 66 

2.27 62 

2,03 58 

2,26 62 
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Fig. 5 shows how the average Si-O distance would vary 
with average oxygen coordination in silicates although 
most silicates fall in the range IIQJVQ as indicated by 
the dashed line which is taken from the Smith & Bailey 
work. 

The change in anion radii with CN is much smaller 
in magnitude [r(V1Q2-)- r(IIQ2-) = 0·05 A] than the 
change in radii with cation CN [r(VIIICd2+)- r(IVCd2+) 

=0·26 A; r(VIIIMg2+)-r(1VMg2+)=0·41 A]. One ex­
planation for this effect involves electronic polariza­
bilities of cations and anions. Intuitively, one might 
expect the change in radius of an ion with CN to be 
roughly proportional to its electronic polarizability. 
A comparison of cation and anion polarizabilities 
from various sources made by Tessman, Kahn & 
Shockley (1953) shows generally that polarizabilities of 

Table 4. Comparison of observed and calculated interatomic distances in oxides 
andjluorides with varying coordination 

Distance 

IVAl-0 

CN of 02 -

II 

III 

IV 

Il 

III 

IV 

VI 

VICd-0 II 

III 

VI 

VIco2+-0 II 

III 

VI 

II 

III 

IV 

III 

IV 

VI 

III 

IV 

VI 

IVGe-0 II 

III 

III 

AC 25B -9* 

Compound 

L1AlS14010 
AlP04 

KAlS13oa (mlcrocline) 

NaAlS13°a (low al bite) 

Al2S!05 (s1111man1 te) 

L!Al02 

NaAl(S04)2•12H20 

CsAl(S04) 2 •12ff-;,O 

Al2s105 (kyanite) 

Mg
3

A1 2s1 3o12 
Al

2
o
3 

L1Al0
2 

3CdS04•8ff-;,O 

,cd2V207 

CdO 

CoS04 

CoMo04 

Co(Nff-;,)2( S04)2 • 6H20 

coo 

Cr5012 

KCr3012 
HCru2 
Cr203 

FeW04 

Fe0e(OH)6 

FeS1F6' 6H20 

Fe2s104 

FeO 

GaNb04 

ll-Ga2o3 
a-08203 
L1Ga02 

Ge02 

BaGe409 
Na

2
o•aeo

2 
·6H

2
o 

Na8sn4Ge1003o(OH)4 

BaGeo3 

N1S04•6~0 

N1W04 

N10 

MoP04 

AlP04 

P205 

N821¼P4v12 

NaP03NH3 

Robs, Reale. 

1.720 1.74 

1.739 

1.741 

l.737 

l.770 

l.761 

1.881 

1.882 

1.906 

l.886 

1.91 

1.90 

l, 75 

1.77 

1.88 

1,89 

1.91 

1,91 

l.93 

2,30 2.30 

2.31 2.31 

2,348 2,35 

2,07 2.085 

2.082 2,095 

2.094 

2,133 2.135 

1,972 

1,97 

1.979 

1,99 

1,965 

1,975 

1.995 

2,104 2.13 

2.14 

2,140 2.15 

2,172 

2,155 2,170 

1.997 1.98 

2.00 

2.00 2.00 

2.00 2.02 

1.739 1.75 

1,740 1, 76 

1,769 

1.752 

l,785 1.78 

2.063 2.06 

2.oB 

2,084 2.08 

1,528 1,52 

1,515 

1,54 

1.542 1.53 

1.528 

Dletance 

VIsc-o 

CN of o2• 

II 

III 

IV 

V 

VI 

II 

III 

IV 

III 

IV 

III 

IV 

V 

Compound 

Sc 2 (W04)3 
-y-ScOOH 

Sc (OH)
3 

Sc 2o3 
case2o4 
ICSc02 
L1Sc02 
RbSc02 

s102 (quartz) 

s102 (low cr1atobal1te) 

s102 (eoesl te) 

Al2S10
5 

(sillimanite) 

L1AlSi4010 
Sc2s12o7 
ZrS104 

Al2S105 (kyan1te) 

Al2S105 (andalus1te) 

Z~Mn(OH)2Si04 

All!eSi040H 

NeAlS13o8 

ICAlSi308 

Li_2S12o5 
Ca2NaHS1

3
o

9 
CaMnSt

2
o6 

'Y-C825104 

Mg2s104 

MgFeS104 

Fe2S104 

Ca3Al2(S104) 3 
Mg3'-l2Si3012 

(NH4) 2S1F5 

[Co(NH3)5Cl)S1F6 

Na.2s1F5 

JC3StF7 
(NH4) 3s1F7 

Na.2Ti6013 

Rb2Ti60l3 
ThTi206 

T102 
N1Tio3 
MnT103 
BaTi409 

Na2T13o7 

Robs. 

2.063 

2.10 

2.08 

2.11 

2.122 

2.12 

2.11 

2.12 

1.607 

1.605 

1,613 

1.615 

1.609 

Reale. 

2.08 

2.09 

2.11 

2.12 

2,13 

1.610 

1,622 1.620 

l.612 

1,628 

1.629 

1.626 

1.625 

1.618 

1.612 

1.631 

1.630 

1,623 

1.644 1.640 

1.625 

1.638 

1,634 

1,649 

1.635 

1,674 1,685 

1,664 

1.695 1,700 

l,70 1,710 

1,71 

1,957 1.955 

1,983 

1,970 1.965 

1,959 

1,99 l,985 

1.99 

1.98 

1.992 1,995 
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anions are larger than those of most cations, in distinct 
contrast to the relative change in anion and cation 
radii with CN. However, Ruffa (1964) has shown in 
TiO2 and other compounds with high Madelung po­
tentials that the polarizability of the cation may be 
considerably greater than that of the anion. Thus, the 
possibility still exists that there may be some correlation 
between change in radius with CN and polarizability. 

An alternative explanation for this effect depends on 
the anion-anion repulsive forces described by Pauling 
(1928). In most of the oxides for which reliable radii 
have been determined, the cation/anion radius ratio, 
Q, is considerably less than 1. When this condition 
holds, anion-anion forces can be large. As Q becomes 
small and as the anion CN diminishes from VI to II, 
the nearest neighbor anion interactions become more 
important. The increase in anion-anion forces prevents 
the anion from deforming as much as might be expected 
from polarizability considerations. The cations in such 
structures, however, cannot approach each other closely 
and cation-cation repulsion is probably less than anion­
anion forces. Consequently, the cation is easily able to 
expand into the void between the anions - thus shorten­
ing considerably the cation-anion distance. 

Absolute values of radii 
The question of absolute values for anion and cation 

radii is still not resolved. Although it has been possible 
to devise sets of radii which are almost additive, the 
values of anionic radii have been determined by approx­
imate methods. This question of the relative sizes of 
anion and cation radii is very important because it 
determines the physical picture we have of ionic solids. 
Traditionally this has been a picture of anion-close­
packed solids. 

Values of anion radii have been chosen from: (1) 
molar refractivities of salts in solution (Wasastjema, 
1923); (2) anion-anion distances in close-packed solids 
(Bragg & West, 1927); (3) Born repulsive coefficients 
determined from isothermal compressibilities and 
thermal expansion coefficients (Fumi & Tosi, 1964) 
and (4) electron density distribution in alkali halides 
(Witte & Wolfel, 1955; Schoknecht, 1957; and Meisalo 
& Inkinen, 1967). The traditional sets of radii were 
based on (1) and (2). The first values of ionic radii were 
determined by Wasastjema who used the ratio of the 
cube root of the molar refractivities of the free ions to 
determine rc:ra in the alkali halides. He arrived at 
r(VIF-)= 1·33 A and r(Y1O2-)= 1·32 A. Bragg & West 
noted that observed 0-0 distances in silicates were 
roughly 2·7 A and concluded that r(O2-) = 1 ·35 A. 
Used with available sets of interatomic distances in 
common oxides, these values led to small rc:ra and 
resulted in the concept of anion close-packed oxides. 
Many solid state phenomena such as diffusion, mechan­
ical deformation, kinetics of transformations, and 
solid state reactions have been interpreted on this basis. 

More recent evidence, however, indicates that the 
ratio rc:ra may be considerablylargerthanindicated by 

the traditional sets of radii. Comparative calculations 
of wave functions of free ions and ions in a crystal by 
Petrashen, Abarenkov & K.ristofel ( 1960) showed a 
tightening of electron clouds in anions and a relaxation of 
cation electrons in solids. Analysis of electron density 
distributions in NaCl (Witte & Wolfe], 1955), LiF 
(Krug, Witte & Wolfol, 1955) and KBr (Meisalo & In- · 
kinen, 1967), indicated anion radii and cation radii 
smaller and larger respectively than traditional ionic 
radii. Furni & Tosi on the basis of calculations of Born 
repulsive parameters from compressibility and thermal 
expansion data present convincing evidence that r c: r a 
is larger than in the traditional sets of radii. They found 
r(V1F-)= 1 · 15-1 ·20 A with an estimated error of0·05 A. 
Assuming a constant difference of r(YIO2-)-r(YIF-)= 
0·07 A, then r(Y1O2-)=1·22-1·27 A. These values are 
more in agreement with the shortest nonbonding 0-0 
distances in many oxides. As shown in Table 5 these 
range from 2· 15 A in the NaNO3 structure to greater 
than 3 A in the antifl.uorite structures. Perhaps the 
most surprising distance in this group is that of the 
2·16 A shared edges of the SiO6 octahedra in the rutile 
form of SiO2 (stishovite). Although extremely high 
pressure must be used to synthesize stishovite, it is 
difficult to reconcile this short 0-0 distance with an 
r(IDO2-) = 1 · 36 A, especially since Fig. 1 shows there is 
nothing unusual about the cell volume of stishovite. 
Furthermore, with smaller anions one is not forced to 
assume negative radii for IIIC4+ in the carbonate ion 
and lliNs+ in the nitrate ion. Although there is intrin­
sically no objection to negative radii so long as one does 
not assume a hard sphere model, it is esthetically more 
pleasing to have positive radii. However, even with 
Fumi & Tosi's crystal radii it is not possible to achieve 
a complete set of positive radii. The 0-H and F-H dis­
tances in hydrogen-bonded compounds result in nega­
tive radii of -0·04 and -0·24 A for ITH+ and 1H+. 
Although the value for r(ITH+) falls within the estimated 
error of the crystal radii and would still allow a com­
pletely positive set of radii, this is not possible for 
1H+. One is forced to the interpretation that an 1H+-O 
bond results in a highly deformed oxygen ion in which 
the proton penetrates the electron cloud of the oxygen 
ion. On the basis of the above considerations, the 

Table 5. Shortest oxygen-oxygen distances in some 
simple oxides 

Compound 
NaN03 
Si02 
CaC03 
A}zSi0s 
B203(Il) 
S309 
B203(I) 
Al203 
Si02 
Be0 
Mg0 
LhO 

Structure type 
calcite 
rutile 
calcite 
andalusite 
B203(Il) 
S309 
B203(l) 
corundum 
quartz 
wurtzite 
rocksalt 
antifluorite 

0-0 
2·15 A 
2·16 
2·22 
2·25 
2·36 
2·37 
2·38 
2·52 
2-60 
2-70 
2-98 
3·27 
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Fumi & Tosi crystal radii (CR) are probably more 
satisfactory than the traditional sets of radii. 

Pauling (1928) noted a correlation between radius 
ratios and the relative stability of certain structures. 
Values of e for structures with tetrahedral cation co­
ordination were generally of the order of0·2-0·4 where­
as values of Q for octahedral cation coordination were 
of the order of 0·4-0· 7. There were exceptions, but in 
general the radius ratio was found to provide some indi­
cation of the type of prevalent coordination of anions 
about the cation in ionic crystals. Phillips & Williams 
(1965) noted that the critical radius ratios were not 
satisfactory in predicting CN changes but their analysis 
involved highly covalent rather than ionic crystals. 

It is clear that any new set of radii should provide a 
correlation between radius ratios and CN at least as 
satisfactory as Pauling's table of ionic radii. Table 6 
gives values of Q calculated by means of an average 
radius of 1 ·38 A for oxygen for numerous cations with 
CN III, IV, VI, and VIII. As long as Q falls within 
± 0·02 of the limits defined by Pauling (1960) the 
radius ratio is in boldface. It will be noted that values 
of Q calculated from ionic radii (IR) do not fall within 
the expected limits for most of the small ions, e.g. 
VIAP+, VIAss+, 111B3+, IVBJ+, IVS6+, IVSi4+, and VISi4+, 
whereas values of Q calculated from crystal radii (CR) 
give poor agreement for 1VGaH, rvu+, VIMn2+, 
rvzn2+, and IVMo6+. Since ions with strong covalent 
mixing (GaH and Zn2+) prefer four coordination via 
sp3 hybridization, even though Q > 0·414, it is felt that 
crystal radii predicts CN on the basis of radius ratio 
as well as effective ionic radii. 

Perhaps the most important conclusion to be drawn 
from the above arguments is that specific values from 
this or any other set of radii should not be used too 
rigidly to derive a physical picture of ionic solids. 
Currently available information on electron density 

distributions in solids is not sufficient to establish ab­
solute values of radii. Furthermore, if one assumes 
that the radius of an ion, say oxygen, is the distance 
from the oxygen nucleus to the minimum in electron 
density between the oxygen ion and a cation, this radius 
may vary depending on the type of cation, i.e. on the 
covalency of the bond. If, however, the crystal radii in 
Table I(a) are more accurate than the ionic radii, cer­
tain concepts of the structures of ionic solids are no 
longer valid. For example, oxides should not be thought 
of as close-packed arrangements of anion spheres whose 
interstices are partly filled with cations. Instead, the 
cation-anion bonds should be considered as the im­
portant factors determining crystal structure and close­
packed anion arrangements as merely the result of the 
structure attaining a lowest-energy configuration. 

lnteratomic distances in highly symmetric oxides and 
fluorides 

Agreement between observed and calculated dis­
tances from Table I (a) over a wide variety of compounds 
with varying cation and anion coordination was shown 
to be quite good. However, the compounds with rock­
salt, fluorite, and perovskite structures show rather 
poor agreement (Table 7). A possible source of error 
could be the cation radii. However, the value of 
r(VIIICa2+) taken from more than 15 Ca-O distances 
which agree to within 0·02 A results in Reale - Robs= 
0·06 A for CaF2. Therefore, it is felt that the lack of 
agreement of interatomic distances between symmetric 
and unsymmetric structures is significant. The effect 
appears to be greater for the fluorides than for oxides 
and greater for smaller cations than for larger cations. 
The smaller observed interatomic distances are quali­
tatively explained by minimization of anion-anion 
repulsive forces. The regular polyhedra result in the 
maximum distances between all cations and anions and, 

Table 6. Radius ratios for oxides 

Ion CN IR CR Ion CN IR CR 
AJ3+ IV 0·28 0·42 Mg2+ VI 0·52 0·69 

VI 0·38 0·54 Mn2+ VI 0·59 0·79 
Ass+ IV 0·24 0·38 Mo6+ IV 0·30 0·45 

VI 0·36 0·52 VJ 0·43 0·60 
83+ III 0·02 0·12 Ni2+ VI 0·51 0·66 

IV 0·09 0·21 ps+ IV 0·12 0·25 
Be2+ III 0·12 0·25 S6+ IV 0·09 0·21 

IV 0·20 0·33 Sc3+ VI 0·53 0·70 
Ca2+ VIII 0·81 1-01 Si4+ IV 0·19 0·32 
Ce4+ VIII 0·70 0·90 VI 0·30 0·43 
Co2+ VI 0·53 0·71 Sn4+ VI 0·50 0·67 
Cr3+ VI 0·44 0·61 Ti4+ VI 0·44 0·60 
Fe2+ VI 0·56 0·73 W6+ IV 0·30 0·44 
Fe3+ IV 0·36 0·52 VI 0·42 0·58 

VI 0·47 0·63 y3+ VI 0·65 0·83 
Ga3+ IV 0·34 0·49 VIII 0·74 0·93 

VI 0·45 0·61 zn2+ IV 0·43 0·60 
Ge4+ IV 0·29 0·44 VI 0·54 0·71 

VI 0·39 0·55 Zr4+ VI 0·52 0·69 
In3+ VI 0·57 0·75 
Li+ IV 0·43 0·59 

VI 0·54 0·71 
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therefore, the least repulsion interactions. The greater 
polarizabilities of the oxide ion and larger cations 
result in deformation of these ions into voids and con­
sequent reductions in repulsive effects. 

Table 7. Calculated and observed interatomic distances 
in highly symmetric oxides and fluorides 

Rocksalt 

MO 
VI-VI 
NiO 
MgO 
CoO 
FeO 
MnO 
CdO 
CaO 
SrO 
BaO 

Rca.1cM-O 

MF 
VI-VI 
LiF 
NaF 
AgF 
KF 
CsF 

MO2 
VID-IV 
Ce02 
U02 
ThO2 

MF2 
Vlll-IV 
CdF2 
CaF2 
HgFz 
SrF2 
BaF2 

MBO3 
VI-VI orX II-VI 

BaCeO3 
SrCeO3 
CeCrO3 
KNb03 
KNbO3 
BaMoO3 
SrMoO3 
BaPbO3 
BaSnO3 
CaSn03 
SrSnO3 
BaZrO3 
SrZr03 

MBF3 
VI-VI or XII-VI 

KC0F3 
RbCoF3 
TIC0F3 
CsMnF3 
CsMnF3 
KFeF3 

2·10 
2·12 
2·135 
2·17 
2·22 
2-35 
2·40 
2·56 
2·76 

2·07 
2·35 
2-48 
2·71 
3·03 

Fluorite 

2-084 
2·105 
2-133 
2·155 
2·222 
2·348 
2·405 
2-58 
2·762 

2·008 
2·31 
2·46 
2·673 
3·00 

2·35 2-34 
2·38 2·37 
2-44 2·42 

2-38 2·333 
2·43 2·37 
2·45 2·40 
2-56 2·51 
2·73 2·69 

Perovskite 

2·25 2·198 
2·25 2·135 
2·015 1 ·933 
3-00 2-84 
2·04 2·011 
2·05 2·02 
2·05 1·987 
2·175 2·136 
2·09 2·058 
2·09 1 ·96 
2·09 2·016 
2·12 2·096 
2·12 2·05 

2·065 2·035 
2·065 2·03 
2·065 2·064 
2-15 2·13 
3-25 3-13 
2·10 2·06 

0·016 
0·015 
0·002 
0·015 

-0·002 
+0·002 
-0·005 
-0·02 
-0·002 

0·062 
0·04 
0·02 
0·037 
0·03 

0·01 
0·01 
0·02 

0·053 
0·06 
0·05 
0·05 
0·04 

0·052 
0·115 
0·082 

. 0·16 
0·029 
0·03 
0·063 
0·039 
0·032 
0·13 
0·074 
0·024 
0·07 

0·030 
0·035 
0·001 
0·02 
0·12 
0·04 

RbFeF3 
KMgF3 
KMnF3 
KNiF3 
CsPbF3 
KZnF3 
AgZnF3 

Table 7 (cont.) 

2·10 
2·05 
2·15 
2·03 
2·51 
2·075 
2·075 

2·087 
1·986 
2·095 
2·006 
2-405 
2·027 
1·99 

Unusual and irregular coordination 

L1R 

0·013 
0·064 
0·055 
0·024 
0·105 
0·048 
0·085 

When the distances in polyhedra are almost equal, 
it is easy to determine the coordination. In this case 
there is usually a clear cut-off point for which periphe­
ral anions may be considered as bonded to the central 
atom. However, in many cases there is a gradual in­
crease in near-neighbor distances up to very large inter­
atomic distances for the large alkali and alkaline earth 
ions in network structures such as silicates; consequent­
ly, the CN of these ions is frequently uncertain. The 
curves of radii vs. CN reflect this uncertainty [Figs. 2(a) 
and 2(b)]. For the purposes of this paper a break of 
0·02-0·05 A was sought as the cut-off point in the 
interatomic distances. When there was no such break, 
the distances were tabulated as questionable values. It 
seems likely that the slopes of radii vs. CN plots should 
be regular. The deviation from regularity is particularly 
noticeable for Na+, Ag+, K+, Cs+, Pb2+, Sr2+, and 
Ba2+. The lack of regularity is attributed either to an 
insufficient number of examples of a particular coor­
dination and/or to the difficulty in determining the CN. 

Several other groups of ions exhibit irregular coor­
dination which frequently does not result in consistent 
interatomic distances. Also, the radii derived from 
these distances do not fall on the regular curves of 
radii vs. CN. These are the ions with the following 
electron configurations: 

d4 - MnHHS, Cr2+HS 
d8 -AgH, AuH, Pd2+, Pt2+ 
d9 -Cuz+, Ag2+ 
d10-Ag+, Au+, Hg2+, Cu+ 
s2 -AsH, SbH, BP+, Pb2+, Te4+ 

A detailed discussion of the stereo chemistry of d4, d8, 

d9, and d 10 ions is given by Orgel (1960). Ions with d 8 

configuration frequently occur in square planar coor­
dination. This coordination is usually clearly recog­
nized, e.g. PdO, AuF3• The ions with d4 and d9 con­
figurations have the familiar Jahn-Teller distortion 
exemplified by Cuz+. These ions are characterized by 
four ligands at one distance and two ligands at a dif­
ferent distance, either closer or further away. When the 
difference is slight, the coordination is pseudo-octahe­
dral; when the difference is large, square-planar or 
two-coordinated structures result. In the cupric ox.ides 
and fluorides the distances of the fifth and sixth neigh­
bors range from just slightly larger than the other four 
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to distances almost outside the bonding sphere. In the 
case of cupric compounds we have calculated the aver­
age distance of all six neighbors for octahedral coordi­
nation and the four near neighbors for square-planar 
coordination and have listed the radii in Table I as 
both IVSQ and VI. 

Ions with the d 10 configuration have been observed 
with linear two coordination. Orgel has related this 
behavior to the small separation in energy of the 
d 10 and d 9s states and predicts linear coordination of 
Cu+, Ag+, Au+, and Hg2+. Two-coordinated radii are 
tabulated for Cu+, Ag+, and Hg2+. 

Another group represents the ions with a lone pair 
of electrons: As3+, SbH, BP+, Pb2+, and Te4+. The 
oxides formed with these ions are considered to be 
highly covalent. For example in PbO the lone pair acts as 
a ligand and results in a coordination of four neigh hors 
in a plane on one side of the Pb2+ ion and the lone pair 
on the other side at the apex of the pyramid. This con­
figuration has been designated in Table l(a) as IVPY. 

Summary 

The goal of this work has been to provide radii which 
will be useful to anyone interested in the structures of 
oxides and fluorides. The set of empirical radii derived 
here is primarily intended to be used in calculating 
expected interatomic distances in oxide and fluoride 
crystal structures. Although the absolute values of radii 
were considered, one cannot reliably assign specific 
numbers to specific ions. Certain effects such as anion­
anion repulsion, irregular coordination, and metal­
metal bonding cause deviations from predicted inter­
atomic distances wich have been largely ignored be­
cause these effects are difficult to include in a simple 
table of radii. These 'high-order' effects probably are 
of greater importance in structures with larger anions 
than in those containing oxide or fluoride ions and 
must be left to future work. 

Note added in proof: - Prof. B. Reuter, who has just 
completed a refinement of the structure of the ordered 
spinel, MgV20 4, has suggested a value of r(1VMg2+) 
= 0·58 A. Because the original value of 0·49 A came 
from a single structure refinement and because this new 
value is more consistent with Fig. 2(b), the new value 
is preferred. 

We would like to acknowledge the interest of Pro­
fessor M. J. Buerger whose encouragement in the early 
stages of this work provided much of the incentive for 
its completion. We would also like to thank Professors 
W. H. Baur and A. Pabst for critically reviewing the 
manuscript prior to publication. 
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Stereochemistry and Crystal Structure of a Cobalt(III) Sulphito Complex: 
trans-Sulphiteisothiocyanate-bis( ethylenediamine )cobalt(III) Dihydrate 

BYS.BAGGIO AND L.N.BECKA 

Facultad de Ciencias Exactas, Universidad de Buenos Aires and Facultad de Ciencias, 
Universidad Central de Venezuela, Caracas, Venezuela* 

(Received 14 May 1968) 

The crystal structure of Co(en)iS03NCS. 2H20 has been determined from three-dimensional X-ray 
data and refined by the full-matrix least-squares method to a residual of 0·078. The compound crystal­
lizes in the monoclinic system, space group P21/c with four molecules in the unit cell of dimensions 
a=9·13±0·02, b=6·59±0·02, c=22·88±0·06A, P=95·5±0·5 °. The coordination around the metal 
atom is octahedral, the sulphito group being bonded through sulphur to the metal and in trans configura­
tion. The Co-N(NCS) distance is not significantly different from the Co-N(en) distances. Some impor­
tant dimensions are: Co-S, 2·203 ± 0·006 A; mean Co-N(en), 1 ·962 ± 0·010 A; mean S-0, 1 ·485 ± 
0·012 A; mean O-S-0, 110·3±0·7°; Co-N(NCS), 1·974±0·018 A. 

Introduction 

Recently, the infrared and visible absorption spectra 
of a series of sulphito-bis(ethylenediamine)cobalt(III) 
complexes were measured by Baldwin (1961). These 
spectra, together with measurements of conductivity in 
aqueous solution and a study of chemical reactions, 
were interpreted by Baldwin in terms of possible struc­
tures for these complexes. For Co(en)2S03NCS. 2H20 
it was postulated that the sulphito group is bonded 
through sulphur, the bond possibly involving dn-dn 
bonding, and that the compound had the cis configura­
tion. Kinetic studies of sulphito complexes of corn 
have also been made recently, indicating that the sul­
phito group has a marked trans labilizing effect (Tewari, 
Gaver, Wilcox & Wilmarth, 1967). 

We undertook the structure determination of this 
compound in order to establish whether the postulated 
structure was correct, and, if so, to compare the di­
mensions of the sulphito group coordinated to com, 
with the dimensions found for this group in 
PdSOiNH3) 3 (Spinnler & Becka, 1967). Furthermore, 
we considered that a comparison between the different 
Co-N distances in this compound would be of interest 

* Present address. 

in relation to the kinetics of reaction of sulphito com­
plexes. In an earlier communication (Baggio & Becka, 
1967) we described the main features of the structure 
as obtained from least-squares refinement with indi­
vidual isotropic temperature factors. In this paper we 
give the details of the structure and structure deter­
mination with individual anisotropic temperature fac­
tors for Co, the atoms of S03, and the atoms of NCS. 

Experimental 
Preparation 

Co( en)2S03 N CS . 2H20 was prepared by the method 
reported by Baldwin (1961), and crystals suitable for 
X-ray studies were obtained by recrystallization. The 
chemical and physical properties of the sample were 
in good agreement with those reported previously. 
Chemical analysis of a sample gave the following per­
centage composition for C, N and H: C, 17·37; N, 
19·21; H, 5·75, the theoretical composition being: 
C, 16·59; N, 19·83; H, 5·66. 

Crystal data 

Name of substance: trans-sulphiteisothiocyanate­
bis(ethylenediamine)cobalt(III) dihydrate. Chemical 
formulae: structural, Co(en)2S03NCS.2H20; alpha-




